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METHOD 



FIELD OF INVENTION 

The present invention relates to a method. In particular, the present invention relates 
to an assay method. 

More in particular, the present invention relates to an assay method for identifying 
whether a candidate agent can modulate the binding of gp120 to CCR5. 

BACKGROUND ART 

It IS desirable to identify agents that can modulate the interaction of CCR5 and 
gp120. By way of background information, gp120 is the envelope protein of HIV that 
is required for viral entry into the target cells and CCR5 is the cellular receptor to the 
p-chemokines RANTES, Mip-1-a and Mip-l-p. CCR5 has been identified as being 
an important receptor in HIV infection. 

WO-A-98/00535 discloses a method for detecting gp120 binding on the surface of 
cells bearing a co-receptor. The method uses directly labelled protein. This method 
requires high affinity interactions (low nanomolar Kd). However, the affinity of gp120 
proteins from different HIV strains varies. Hence, it is believed that this method may 
not be capable or even suitable to identify agents that can modulate the interaction of 
biologically relevant molecules. 

WO-A-96/4 18884 discloses a method for screening for agents that may inhibit HIV-1 
infection. That method utilises an antibody that, in itself, acts as an agent that would 
perturb CCR5 and gp120 binding. In addition the protein used in the specific 
examples cannot bind CCR5. Hence, the specific target receptors are not CCR5. 

WO-A-97/37005 discloses an assay method for detecting and preventing HIV 
infection. The assay described detects fusion of cells expressing gp160 with cells 
expressing CD4 and CCR5. It Is believed that this assay has Inherent problems as 
containment and reagent provision issues would restrict the use of the method for 
high-throughput screening, particularly on a large scale. 



US-A-5928881 discloses an assay that enables identification of CCR5 inhibitors. The 
assay requires directly labelled chemokine RANTES. We believe that this assay 
Vv'culd not always be predictive of binding of gp120. 

5 The present invention seeks to provide an effective assay method, readily adaptable 
to high throughput screening format, for identifying agents that would modulate 
medium to low affinity interactions of CCR5 with gp120. 

SUMMARY ASPECTS OF THE PRESENT INVENTION 

10 

The present invention is based on the finding that in vivo the interaction of CCR5 with 
gp120 may be fairly weak. In this regard, our work with recombinant proteins 
suggests that the dissociation constant (Kd) of the interaction can be in the 10"' M to 
10""M range. This is contrast to the lO'^M range descnbed by others in model 
15 systems and in, for example, the patent applications cited above (e.g. WO-A- 
98/00535 and references within). 

The assay method of the present invention utilises this finding. It enables detection 
of such weak interaction. 

20 

For some applications, the assay method of the present invention may be described 
as being a competitive binding study between a candidate agent and the 
gp120/CCR5 combination. 

25 DETAILED ASPECTS OF THE PRESENT INVENTION 

In one aspect, the present invention relates to an assay method for determining 
whether an agent is capable of modulating the interaction of CCR5 with gp120; the 
method comphsing: incubating the agent with CCR5 and gp120 to form a first 
30 reaction mixture; and determining whether said agent modulates the interaction of 
CCR5 with gp120; wherein said gp120 is associated with CD4; and wherein said 
interaction is a low affinity binding. 

In another aspect, the present invention relates to an agent identified by the method 
35 according to the present invention, wherein said agent is capable of modulating the 
interaction of CCR5 with gp120. 



In a further aspect, the present invention relates to a process comprising the steps of; 
(a) performing the assay according to the present invention; (b) identifying one or 
more agents that are capable of modulating the interaction of CCR5 with gp120; and 
(c) preparing a quantity of those one or more identified agents. 

In a further aspect, the present invention relates to a method of affecting the in vivo 
interaction of CCR5 with gp120 with an agent; wherein the agent is capable of 
modulating the interaction of CCR5 with gp120 in an in vitro assay method; wherein 
the in vitro assay method is the assay method according to the present invention. 

in a further aspect, the present invention relates to the use of an agent in the 
preparation of a pharmaceutical composition for the treatment of a disease or 
condition associated with the interaction of CCR5 with gp120, wherein the agent is 
the agent according to the present invention and/or wherein the agent is capable of 
modulating the interaction of CCR5 with gp120 when assayed in vitro by the assay 
method according to the present invention. 

In a further aspect, the present invention relates to a method of treating a subject 
with an agent, wherein the agent is the agent of the present invention and/or wherein 
the agent is capable of modulating the interaction of CCR5 with gp120 when assayed 
in vitro by the assay method according to the present invention. 

For ease of reference, these and further aspects of the present invention are now 
discussed under appropriate section headings. However, the teachings under each 
section are not necessarily limited to each particular section. 

PREFERABLE ASPECTS 

Preferably the method includes the step of adding a ligand to said first reaction 
mixture to form a second reaction mixture; wherein said ligand is capable of 
indicating whether said agent has modulated said interaction. 

Preferably said ligand has a detectable label. 

Preferably said detectable label is a atom or a group capable of emitting fluorescent 
light. 



Preferably said fluorescent atom is Eu''. 

Preferably detection consists of enhancing natural fluorescence of the Eu"* atom by 
addition of an enhancer solution known to the art. 

Preferably said ligand comprises at least a first antibody. 

Preferably said first antibody is capable of binding to gp120; and wherein said 
binding is high affinity binding. 

10 

Preferably said first antibody is associated with a detectable label. 
Preferably said ligand may comprise a second antibody. 
15 Preferably said second antibody is capable of binding to said first antibody. 
Preferably said second antibody is an anti-IgG antibody. 
Preferably said detectable label is associated with said second antibody. 

20 

Preferably, the agent is capable of adversely modulating the weak binding interaction 
of CCR5 and gp120. 

Examples of adverse modulation include the separation of, the prevention of the 
25 binding of, the cleavage of any one or more of, CCR5 and gp120 - and/or changing 
their folding configuration so that one or more of gp120 and CCR5 is inoperative. 

Further examples of adverse modulation include the separation of, the prevention of 
the binding of, the cleavage of any one or more of, gp120 and CD4 - and/or 
30 changing their folding configuration so that one or more of gp120 and CD4 is 
inoperative. 



ADVANTAGES 



The present invention has a number of advantages. These advantages will be 
apparent in the following description. 

By way of example, the present invention is advantageous since it provides a 
commercially useful assay to identify suitable agents that could be used in vivo to 
treat conditions associated with CCR5/gp120 binding. 

By way of further example, the present invention is advantageous since the method 
detects interaction of gp1 20 with cells that express CCR5 alone. 

By way of example, the present invention is advantageous since the method is 
amenable to high throughput screening (HTS). 

AMINO ACID SEQUENCE 

As used herein, the term "amino acid sequence" is synonymous with the term 
"polypeptide" and/or the term "protein". In some instances, the term "amino acid 
sequence" is synonymous with the term "peptide", in some instances, the term 
"amino acid sequence" is synonymous with the term "protein". 

The amino acid sequence may be prepared isolated from a suitable source, or it may 
be made synthetically or it may be prepared by use of recombinant DMA techniques. 

In one aspect, the present invention provides an amino acid sequence that is capable 
of acting as a target in an assay for the identification of one or more agents and/or 
denvatives thereof capable of affecting gp120/CCR5 binding. 

NUCLEOTIDE SEQUENCE 

As used herein, the term "nucleotide sequence" is synonymous with the term 
"polynucleotide". 



The nucleotide sequence may be DNA or RNA of genomic or synthetic or of 
recombinant origin. The nucleotide sequence may be double-stranded or single- 
stranded whether representing the sense or antisense strand or combinations 
thereof. 

For some applications, preferably, the nucleotide sequence is DNA. 

For some applications, preferably, the nucleotide sequence is prepared by use of 
recombinant DNA techniques (e.g. recombinant DNA). 

For some applications, preferably, the nucleotide sequence is cDNA. 

For some applications, preferably, the nucleotide sequence may be the same as the 
naturally occurring form for this aspect. 

!n one aspect, the present invention provides a nucleotide sequence encoding a 
substance capable of acting as a target in an assay (such as a yeast two hybrid 
assay) for the identification of one or more agents and/or derivatives thereof capable 
of affecting the substance in order to modulate CCR5/gp120 binding. 

VARIANTS/HOMOLOGUES/DERIVATIVES 

In addition to the specific amino acid sequences and nucleotide sequences 
mentioned herein, the present invention also encompasses the use of variants, 
homoiogue and derivatives thereof. Here, the term "homology" can be equated with 
"identity". 

In the present context, an homologous sequence is taken to include an amino acid 
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 
98% identical. In particular, homology should typically be considered with respect to 
those regions of the sequence (such as amino acids at positions 51, 56 and 57) 
known to be essential for an activity. Although homology can also be considered in 
terms of similarity (i.e. amino acid residues having similar chemical 
properties/functions), in the context of the present invention it is preferred to express 
homology in terms of sequence identity. 



Homology comparisons can be conducted by eye, or more usually, with the aid of 
readily available sequence companson programs. These commercially available 
computer programs can calculate % homology between two or more sequences. 

% homology may be calculated over contiguous sequences, i.e. one sequence is 
aligned with the other sequence and each amino acid in one sequence is directly 
compared with the corresponding amino acid in the other sequence, one residue at a 
time. This is called an "ungapped" alignment. Typically, such ungapped alignments 
are performed only over a relatively short number of residues. 

Although this is a very simple and consistent method, it fails to take into 
consideration that, for example, in an otherwise identical pair of sequences, one 
insertion or deletion will cause the following amino acid residues to be put out of 
alignment, thus potentially resulting in a large reduction in % homology when a global 
alignment is performed. Consequently, most sequence comparison methods are 
designed to produce optimal alignments that take into consideration possible 
insertions and deletions without penalising unduly the overall homology score. This 
is achieved by inserting "gaps" in the sequence alignment to try to maximise local 
homology. 

However, these more complex methods assign "gap penalties" to each gap that 
occurs in the alignment so that, for the same number of identical amino acids, a 
sequence alignment with as few gaps as possible - reflecting higher relatedness 
between the two compared sequences - will achieve a higher score than one with 
many gaps. "Affine gap costs" are typically used that charge a relatively high cost for 
the existence of a gap and a smaller penalty for each subsequent residue in the gap. 
This is the most commonly used gap scoring system. High gap penalties will of 
course produce optimised alignments with fewer gaps. Most alignment programs 
allow the gap penalties to be modified. However, it is preferred to use the default 
values when using such software for sequence comparisons. For example when 
using the GCG Wisconsin Bestfit package (see below) the default gap penalty for 
amino acid sequences is -12 for a gap and -4 for each extension. 

Calculation of maximum % homology therefore firstly requires the production of an 
optimal alignment, taking into consideration gap penalties. A suitable computer 
program for carrying out such an alignment Is the GCG Wisconsin Bestfit package 



■University of Wisconsin, U.S.A.: Devereux et al., 19S^. Nucleic Acids Research 
12:387). Examples of other software than can perform sequence comparisons 
irrzliice. but are net limited to, the BLAST package (see Ausube! et al.. 199S ibid - 
Chapter 18). FASTA (Atschul et ai.. 1990, J. Mol. Bioi.. ^03-410) and the 
GENEWORKS suite of companson tools. Both BLAST and FASTA are available for 
offline and online searching (see Ausubei et ai., 1999 ibid, pages 7-58 to 7-60). 
However it is preferred to use the GCG Bestfit program. 

Although the final % homoiogy can be measured in terms of identity, the alignment 
orocess itself is tyDically not based on an all-or-nothing pair comparison. Instead, a 
scaled similarity score matrix is generally used that assigns scores to each painA/ise 
comparison based on chemical similarity or evolutionary distance. An example of 
such a matnx commonly used is the BLOSUM62 matrix - the default matnx for the 
BLAST suite of programs. GCG Wisconsin programs generally use either the public 
default values or a custom symbol comparison table if supplied (see user manual for 
further details). It is preferred to use the public default values for the GCG package, 
or in the case of other software, the default matrix, such as BLOSUM62. 

Once the software has produced an optimal alignment, it is possible to calculate % 
homology, preferably % sequence identity. The software typically does this as part of 
the sequence comparison and generates a numerical result. 

The sequences may also have deletions, insertions or substitutions of amino acid 
residues which produce a silent change and result in a functionally equivalent 
substance. Deliberate amino acid substitutions may be made on the basis of 
similanty in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the 
amphipathic nature of the residues as long as the secondary binding activity of the 
substance is retained. For example, negatively charged amino acids include aspartic 
acid and glutamic acid; positively charged amino acids include lysine and arginine; 
and amino acids with uncharged polar head groups having similar hydrophilicity 
values include leucine, isoieucine, valine, glycine, alanine, asparagine, glutamine, 
serine, threonine, phenylalanine, and tyrosine. 

Consen/ative substitutions may be made, for example according to the Table below. 
Amino acids in the same block in the second column and preferably in the same line 
in the third column may be substituted for each other: 
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EXPRESSION VECTORS 



5 The nucleotide sequence for use as the target or for expressing the target can be 
incorporated into a recombinant replicable vector. The vector may be used to 
replicate and express the nucleotide sequence in and/or from a compatible host cell. 
Expression may be controlled using control sequences which include 
promoters/enhancers and other expression regulation signals. Prokaryotic promoters 
10 and promoters functional in eukaryotic cells may be used. Tissue specific or stimuli 
specific promoters may be used. Chimeric promoters may also be used comprising 
sequence elements from two or more different promoters deschbed above. 

The protein produced by a host recombinant cell by expression of the nucleotide 
15 sequence may be secreted or may be contained intracellularly depending on the 
sequence and/or the vector used. The coding sequences can be designed with 
signal sequences which direct secretion of the substance coding sequences through 
a particular prokaryotic or eukaryotic cell membrane. 



20 FUSION PROTEINS 



The target amino acid sequence may be produced as a fusion protein, for example to 
aid in extraction and purification. Examples of fusion protein partners include 
glutathione-S-transferase (GST), 6xHis, GAL4 (DNA binding and/or transcriptional 
25 activation domains) and (-galactosidase. It may also be convenient to include a 
proteolytic cleavage site between the fusion protein partner and the protein sequence 
of interest to allow removal of fusion protein sequences. Preferably the fusion protein 
will not hinder the activity of the target. 



The fusion protein may comprise an antigen or an antigenic determinant fused to the 
substance of ine present invention. In this embodiment, the fusion protein may be a 
non-naturally occurring fusion protein comprising a substance v^hich may act as an 
adjuvant in the sense of providing a generalised stimulation of the immune system. 
The antigen or antigenic determinant may be attached to either the amino or carboxy 
terminus of the substance. 

In another embodiment of the invention, the ammo acid sequence may be ligated to a 
heterologous sequence to encode a fusicn protein. Fcr example, for screening of 
peptide libraries for agents capable of affecting the substance activity, it may be 
useful to encode a chimeric substance expressing a heterologous epitope that is 
recognized by a commercially available antibody. 

CCR5 

An essential component of the assay is CCR5. 

CCR5 is a chemokine receptor that typically is present on the surfaces of certain 
cells within the human body. 

The term "chemokine", is a contraction of "chemotactic cytokines". The chemokines 
comprise a large family of proteins which have in common important structural 
features and which have the ability to attract leukocytes. As leukocyte chemotactic 
factors, chemokines play an indispensable role in the attraction of leukocytes to 
various tissues of the body, a process which is essential for both inflammation and 
the body's response to infection. Because chemokines and their receptors are 
central to the pathophysiology of inflammatory and infectious diseases, agents which 
are active in modulating, preferably antagonizing, the activity of chemokines and their 
receptors, are useful in the therapeutic treatment of such inflammatory and infectious 
diseases. 

The chemokine receptor CCR5 is of particular importance in the context of treating 
inflammatory and infectious diseases. CCR5 is a receptor for chemokines, especially 
for the macrophage inflammatory proteins (MIP) designated MIP-1a and MIP-1 (3, and 
for a protein which is regulated upon activation and is normal T-celi expressed and 
secreted (RANTES). 



1 1 



Background teachings on CCR5 may be found in WO-A-97/3201 9. 

The nucleotide sequence encoding same and the ammo acid sequence for same are 
? presented in the attached sequence listings. 

Background teachings on CCR5 have also been presented by Victor A. McKusick e;' 
a/ on http://www.ncbi.nlm.nih.gov/Omim. The following information concerning CCR5 
has been extracted from that source. 

10 

"Samson et al. (1996) cloned a human C-C chemokine receptor gene from a human genomic 
DNA library based on its smiilarity to a murine C-C chemokine receptor clone (MOP020). 
The human gene, which they designated ChemR13, encodes a 352-amino acid protein 
(designated CCCKR5 by them) with a calculated molecular mass of 40,600 Da and a potential 
15 N-linked glycosylation site. With a set of overlapping lambda clones, they showed that the 

gene is 17.5 kb from the CMKBR2 gene. The 2 coding regions share 75% DNA and amino 
acid sequence identit\-. 

Samson et al. ( 1 996) functionally expressed the gene in a stably transfected CHO-K 1 cell line. 
In transfected cells, macrophage intlammatory protein (MlP)-l-a appeared to be the most 
20 potent agonist for CCCKR5, with MIP-l-P and RANTES also active at physiologic 

concentrations. Samson et al. (1996) detected transcript from the gene in a promyeloblastic 
cell line, which suggested a potential role for the chemokine receptor in granulocyte lineage 
proliferation and differentiation. 

By radiation hybrid mapping, Liu et al. (1996) localized the CCR5 gene (designated CKR5 by 

25 them) to chromosome 3p2 1 . 

The C-C chemokine receptor CMKBR5 was identified as a coreceptor for the human 
immunodeficiency virus-l (HIV-1) by Deng et al. (1996) and Dragic et al. (1996). CMKBR5 
and fusin (162643) facilitate the fusion of HIV-1 with the plasma membrane of CD4(^) cells 
(CD4; 186940). Deng et al. (1996) found that CMKBR5, and not fusin, promotes entry of the 

30 macrophage-tropic viruses believed to be the key pathogenic strains in vivo. Dragic et al. 

(1996) showed that MlP-l-a, MIP-l-P, and RANTES each inhibit intection of CD4(-r-) cells 
by primary, nonsyncytium-inducing (NSI) HIV-1 strains at the virus entry stage and also 
block env-mediated cell-cell fusion. Both groups showed that expression of the CCCKR5 
protein renders nonpermissive CD4(+) cells susceptible to infection by HIV-1 strains. 

35 Alkhatib et al. (1996) reported similar observations and detected mRNA for the receptor only 

in cell types susceptible to macrophage-tropic isolates of HIV-1. See also Choe et al. (1996), 
who implicated both CCR5 and CCR3 in the ability of HIV-1 to infect cells expressing those 
receptors. 

Some individuals remain uninfected by HIV-1 despite repeated exposure to the virus. Both 



Liii ai. (i09oi anj S2:::-isor-; et ai. [\')96) iJeniilic;^ a molecular basis :or >acn fJi\'-: 
rcsisrance. Samson e: al. (:^^6) pos:uia:ed :na: \arian:s of the CMKBRf gene n-:a\ ne 
responsioie for reia::\e or absoUue resistance :o :n:ec:ion. In an H !\'- ■ -iniec:ea na::en: 

\\\lh slow disease progression. Samson et al. s 19vo) ide::: fied a [ieteroz> gons 32-hp Jele::or, 
in the CM KB R5 gene that results m a frames hi in and preniacure term mat loii of tran:. la: :on of 
the transcript. Liu et al. (19^6) identified the same homo2> ^ous 32-bp deletion w ith CMKBR? 
in 2 indiMduals who, though mukipK' exposed to HIV- 1 infection, remained uninfected. Liu e: 
ai. (1996 ) tbund that the deletion comprises nucleotides to S25 of the cDNA sequence and 
results in a reading frameshift after amino acid 174. inclusion of 7 novel amino acids, and 

10 truncation at codon 1S2, They showed that the severely truncated protem could not be 

detected at the surface of cell? that p>omiaM\' exr^ress the protein. Sam.son e' al. f !^^^6) stated 
that the mutant protein lacks the last 3 of 7 putative transm.embrane regions of the receptor as 
well as regions in\'ol\ed :n G protein coupling and signal transduction. Through in \i:ro 
fusion assa\s. both Liu e: al. (1996) and Samson et al. M996) determined that the truncated 

!^ receptor did not allow fusion of CC'4(--) cells with ceils expressing env protein from eitner 

macrophage-tropic or dual-tropic viruses. Samson et al. (1996) found that coexpression of the 
deletion mutant with wildt\pe CCR5 reduced the fusion efficiency of 2 ditTerent viral 
envelope proteins in 3 independent experiments. 

Dean et al. (1996) reported results of their CKR5 studies in 1.955 individuals included m 6 

20 well-characterized AIDS cohort studies. They identified 17 individuals who were homozygous 

for the CKR5 32-bp deletion allele (601373.0001). Deletion homozygotes occurred 
exclusive!\' among the 612 members of the HIV- l-exposed, antibody-negative group and not 
at all in 1,343 HIV-1 infected individuals. The frequency of the CKR5 deletion heteroz\'gotes 
was significantly elevated in groups of individuals who had survived HIV-1 infection for more 

25 than 10 years. In some risk groups the frequency of CKR5 deletion heterozv'gotes was twice 

as frequent as in groups with rapid progressors to AIDS. Sur\Mval analvsis clearlv- showed that 
the disease progression was slower in CKR5 deletion heterozygotes than in individuals 
homozygous for the normal CKR5 allele. Dean et aL (1996) postulated that the CRR5 32-bp 
deletion may act as 'a recessive restriction gene against HIV-1 infection' and may exert a 

30 dominant phenotyT^e of delayed progression to AIDS among infected individuals. Dean et al. 

(1996) reported that in addition to the CKR5 32-bp deletion allele, they found unique single- 
strand conformation polymorphisms ( SSCPs) in other patients, some of whom were long-term 
nonprogressors. They speculated that at least some of these alleles disrupt CKR5 function and 
inhibit the spread of HIV-1 or the progression to AIDS. Dean et al. (1996) recommended that 

35 the entire coding region of CKR5 be screened in nonprogressors and in rapid progressors to 

identify other CKR5 variants. 

To determine the role of the 32-bp deletion in CKR5 in HIV-1 transmission and disease 
progression, Huang et al. (1996) analyzed the CKR5 genotype of 1,252 homosexual men 
enrolled in the Chicago component of the Multicenter AIDS Cohort Study. N'o infected 
40 participant was found to be homozygous for the 32-bp deletion allele, whereas 3.6^^ 0 of at-risk 



but uninfected Caucasian participants were homozygous, showing the highl)' protective role ot" 
this genotype against sexual acquisition of HIV-I. No evidence was found that suu^ested 
heterozygotes were protected against HIV-1 infection, but a limited protective role against 
disease progression was noted. 

Zimmerman et al. (1997) reported results of a large study that analyzed the frequency of the 
32-bp deletion allele of CiVIKBR5 in populations from North America, .Asia, and Africa. 
Ansari-Lari et al. (1997) also published data on the population frequencies of various 
mutations in CCR5. The study indicated that the mutations are relatively specific to ditlerent 
ethnicities, apart from the 32-bp deletion allele in the American Caucasian population, and 2 
alleles in Chinese and Japanese populations, the CCR5 locus did not show a high degree of 
genetic variation. The authors stated that, while additional population screening at this locus 
might identify other sequence variants, their frequencies are likely to be less than 0.01. The 
frequency of the 32-bp deletion allele in American Caucasians was approximately 0.16, a 
value somewhat higher than that previously reported for this group. 

Smith et al, (1997) analyzed 2-locus genotypes and found that the 32-bp deletion at the CCR5 
locus and the 641 allele at the CCR2 locus are in strong, perhaps complete, linkage 
disequilibrium with each other. This means that CCR5-del32 invariably occurs on a 
chromosome with allele CCR2-64V, whereas CCR2-64I occurs on a chromosome that has the 
wildtype (undeleted) allele at the CCR5 locus. Thus, they could estimate the independent 
effects of the CCR2 and CCR5 polymorphisms. An estimated 38 to 45% of AIDS patients 
who had rapid progression of less than 3 years from HIV-I exposure to onset of AIDS 
symptoms could be attributed to their wildtype stattjs at one or the other of these loci, whereas 
the survival of 28 to 29% of long-term survivors, who avoided AIDS for 16 years or more, 
could be explained by a mutant genotype for CCR2 or CCR5. 

Biti et al. (1997) reported an HIV-infected, asymptomatic individual of European descent who 
was found to be homozygous for the 32-bp deletion. The presence of homozygosity was 
supported by genotyping his sole surviving parent (a heterozygote) and his sibs (a CCR5- 
del32 homozygous brother, a heterozygous brother, and a CCR5 wildtype homozygous sister). 
The patient presented in 1992 with a seroconversion-like illness of I -month duration, at which 
time he was diagnosed HIV-1 seropositive by Western blot. At the time of their report, his 
CD4+ T-cell count was 460, and a plasma RNA viral load test showed 19,000 copies per 
milliliter. Biti et al. (1997) noted that the tropism of the infecting HIV-1 strain was still under 
investigation. 

Using a panel of monoclonal antibodies specific for human CCR5, Rottman et al. (1997) 
showed by immunohistochemistry and flow cytometry that CCR5 is expressed by bone 
marrow-derived cells known to be targets for HIV-1 infection, including a subpopulation of 
lymphocytes and monocytes/macrophages in blood, primary and secondary lymphoid organs, 
and noninflamed tissues. In the central nervous system, CCR5 was expressed on neurons, 
astrocytes, and microglia. In other tissues, CCR5 was expressed on epithelium, endothelium, 
vascular smooth muscle, and fibroblasts. Chronically inflamed tissues contained an increased 



nui-nber or" CCR5-posiri\-e mononuciear cells, and ihc ruin-ber of i:":T^u::orca::; \ e ceils as 
d:rect!> associated wirh a histopathologic correlate of inrlammatcr\ 5e\er::y. I'he results 
suggested that CCR?-posit:\ e cells are recruited to mnariniiator\' sites a::d. as such. 
facintaie transniissioii of macrophagetropic strains of HI 

Colien et ai. il99"') studied a cohoa oi 33 HI\'-1 iionprogressors and coriipared 21 patients 
w ho u ere homoz> gous \^ ildt> pe at the CCR5 iocus u'lth 12 u ho u ere heteroz/- lzous for the 
32-bp deletion mutation in CCR5. There were no differences in CD4- or CDS- T-cell counts, 
or in plasma or Kmph node \irai loads. The authors concluded that CCR5 :s not the sole 
determinant of long-term nonprogression in some HIV'-l infected individuals. Although no 
differences uere detected at an average of 1 1 years postinfection, the authors suggest that 
CCR5 nia;. ^nl! pla>' a role in nonprogression by limiting \ira! replication durinc; acute 
infection. 

Although CD4 was identified initially as the cellular receptor for HIW se\era[ lines of 
evidence indicated that e.xpression of CD4 aione was insufficient to confer susceptibility to 
mrection b>- the \ irus. Specificall>\ HW did not infect mouse cells transfected with a human 
CD4 e.xpression vector or mice transgenic for the expression of human CD4. Furthermore, 
although HIV binding and internalization can be mediated by CD4 acting together with one of 
several menibers of the chemokine receptor superfamily, CCR5 appears to be the critical 
coreceptor used by HIV in the initial stages of infection. However, because mouse CCR5 
differs significantly from human CCR5, it cannot function as a coreceptor for HIV, and thus, 
expression of human CD4 alone is insufficient to permit entry of HIV into mouse cells. 
Browning et al. (1997) found that mice transgenic for both CD4 and CCR5 are susceptible to 
HIV infection. 

ZaguPv' et al. (1998) found that there were factors other than the CCR5 poKmorphism 
accounting for the fact that exposure to HIV-1 does not usually lead to infection. Although 
this fact could be because of insufficient virus titer, there is abundant ev idence that some 
individuals resist infection even when directly exposed to a high titer of HIV. This protection 
is related to homozygous mutations in CCR5, the receptor for the p-chemokines, and earlier 
studies had shown that the same chemokines markedly suppressed the nons>'nc>tial inducing 
variants of HIV-1, the chief virus type transmitted from person to person. However, CCR5 
mutations are not likely to be the unique mechanism of protection because HlV-1 variants can 
use other chemokine receptors as their coreceptor and, indeed, infection has been 
demonstrated within the presence of such mutations. Zagury et al. (1998) found transient 
natural resistance over time of most of 128 hemophiliacs who were inoculated repeatedly with 
HIV-1 -contaminated factor VIII concentrate from plasma during 1980 to 1985, before the 
development of the HIV blood test. Furthermore, and remarkably, 14 subjects remained 
unaffected to the time of the report, and in these subjects homozygous CCR5 mutations were 
found in none, but in most of them there was overproduction of p-chemokines. In vitro 
experiments confirmed the potent anti-HlV suppressive effect of these chemokines. The 
chemokines studied were generically referred to as MMR, an abbreviation for MlP-l-a, MIP- 



l-(3, and RANTHS. 

Martin et al. ( 1998) showed by genetic association analysis of 5 cohorts of people with AIDS 
that infected individuals homozN gous tor a multisite haplotype of the CCR5 regulator\- re^iion 
containing the promoter allele. CCR5P1. progress to AIDS more rapidly than those with other 
CCR5 promoter genot>pes, panicularly in the early years after infection. Composite izenetic 
epidemiologic analyses of the genot>pes bearing CCR5P1, CCR5-de]ta-32, CCR2-64I (see 
601267), and SDFi-3-prime A (see 600835) affirmed distinct regulatory infiuences for each 
gene on AIDS progression. An estimated 10 to of patients who developed AIDS within 
3.5 years of HIV-1 infection did so because they were homozygous for CCR5P1/P1, and 7 to 
13°/o of all people carry this susceptible genotype. The cumulative and interactive infiuence of 
these AIDS restriction genes illustrates the multigenic nature of ho^t factors limiting AIDS 
disease progression. 

CCR5 and CCR2 are tightly linked on 3p22-p21, separated by 20 kb. Common allelic variants 
in both genes are associated with slower progression to AIDS after infection. The protective 
influences of CCR5-delta-32 and CCK2-6AI are independent in AIDS cohorts, and the 2 
mutations have never been found on the same chromosome haplotype. The physical proximitv 
of CCR2 and CCR5, the equivalent functional efficiency of alternative CCR2 allelic products 
as chemokine or HIV-1 coreceptors, and the raritry of HIV-1 strains that use the CCR2 
receptor led to the speculation that CCR2-64I may be hitchhiking (or tracking by linkage 
disequilibrium) with an undiscovered CCR5 variant, perhaps in the cis-regulatory region, that 
is directly responsible for the CCR2-64I protective effect. Martin et al. (1998) found that 
among 2,603 individuals enrolled in 5 AIDS cohorts, CCR2-64I was always found on a 
CCR5P1 -bearing haplotype and that CCR5-deIta-32 was consistently found on a CCR5P1 
haplotype as well. All CCR2-64I/64I homozygotes were always CCR5PI/PI homozygotes (N 

- 43). Similarly, all CCR5-delta-32/deIta-32 homozygotes were CCR5P1/PI homozygotes (>i 

- 18). Finally, none of 657 individuals who lacked the CCR5P1 allele had either the CCR5- 
delta-32 or the CCR2-64I allele. Thus the entire CCR2-CCR5 comple.x can be considered as a 
6-allele genotype system, based on the composite CCR2 and CCR5 haplotype. 

In a denaturing high-pressure liquid chromatography (DHPLC) screen of AIDS patients, 
Martin et al. (1998) detected 4 common allelic variants (CCR5P1-P4); 6 rare alleles 
(CCR5P5-P10) were discovered as heterozygotes upon subsequent sinsle-strand conformation 
polymorphism ( SSCP) screening of 5 AIDS cohorts. Sequence analysis of the CCR5 promoter 
region of individuals homozygous for the CCR5PI-P4 variants and heterozygotes of the 6 rare 
variants revealed 10 polymorphic nucleotide positions that described 10 CCR5 promoter 
haplotype alleles, referred to as promoter alleles. McDermott et al. ( 1998j reported a G/T 
variant, corresponding to position 303 of the promoter region, that showed an epidemiologic 
association with rapid progression to AIDS. 

Farzan et al. (1999) showed that the chemokine receptor CCR5. a principal HIV-1 coreceptor, 
is posttranslationally modified by O-linked glycosylation and by sulfation of its N-terminal 
tyrosines Sulfated tyrosines contributed to the binding of CCR5 to MlP-l-a, MIP-l-P, and 



HI\'-! gplZO CD4 co:::p!e\es. and ro rhe abiii!> of HI \'-; :o c:::er cci;> e\rre.>:-j: CCR? a::j 
CD4, Farzan et ai. i;9^^9^ concluded tiiar i>Tosine siiltario:! n^,a> con.iribute to :hc r^uura! 
runcnon of man> "-:ransn"ienibrane-segnien: receptors and n^a\ be a rnoci::lca:;on comi:":on :o 
primate i aim li node r'icicnc\- Mrus coreceptors. 

Carrington et ai. (^1999) re\ ieued t[ie ^j^rowin^z number of genetic variants ^Mtiiin the codm^: 
and 5-prime regulator)- region of CCR5 that had been identitled. se\erai of whicbi ha\e 
functional consequences for HIV- 1 pathogenesis. The tlndmgs provided logic for the 
development of therapeutic strategies that target the interaction of Hi\'- 1 env elope and CCR5 
in HIV-i associated disease." 

10 

An essential component of the assay is gp120. Information on gp120 has been 
presented above. Further teachings on gp120 may be found in the art. such as in 
15 some of the patent applications cited above. 

The nucleotide sequence encoding gp120 and the amino acid sequence for same 
are presented in the attached sequence listings. 

20 CD4 

In the assay of the present invention the gp120 is typically associated with CD4. A 
suitable CD4 is a commercialy available soluble version of CD4 (baculovirus 
expressed sCD4). In the preparation of the first reaction mixture, the gp120 and the 
25 CD4 may be added sequentially, simultaneously or together. 

Background teachings on CD4 are mentioned above. 

Background teachings on CD4 may also be found in WO-A-89/03222. The 
30 nucleotide sequence encoding same and the amino acid sequence of same is 
presented in the attached sequence listings. 

In addition, further background teachings on CD4 have been presented by Victor A. 
McKusick et al on http://vwvw.ncbi.nlm.nih.gov/Omim. The following further 
35 information concerning CD4 has been extracted from that source. 



"Circukuinu mature T l>niphoc\tes constitute a hcterogcticous cci! populatioti wiifi 2 major 
phcnot\pes. one expressing the CD4 marker on us surface (generalK associated with 
helper ui due er t\inction), and the other expressing the CDS antigen (usual I \ associated with 
c>toto\ic. sL:ppressor acus'ity). Amadori et al. (1995) noted that e\'aiuation ot' the CD4 CDS 
ratio IS routme in AIDS patients for the assessment of immune function at:d added that not 
onl\' 1 flV intection but also other acute viral diseases, such as infections b>' cytomegaio\-irus. 
Epstein-Barr \'irus, and intluenza virus, are usual 1\' associated uith an inversion of the 
(2D4/'CD8 ratio. A low ratio is also a hallmark of intense, chronic immune responses, such as 
allograft rejection and graft-versus-host disease. CD4/CDS ratios of 1.5 to 2.5 are usualK' 
considered normal. The occasional fmding of a CD4/DCS ratio less than [ in otherwise 
norma!. h.ealth\' individuals is usual!}' disregarded. 

Because of a personal interest on the part of one member of the group (A. A.) who had shown 
an invariable ratio less than 1 over many years, and because the ratio in mice was shown b\' 
Kraal et al. (1983) to be under genetic control, Amadori et al. (1995) studied the genetic 
pattern of inheritance of the ratio in a population of 468 healthy blood donors. Liistribution of 
the ratio in males and females was significantly different and was signitlcantly affected by 
age. In 46 randomly selected families, the parental CD4/CD8 ratios significantly influenced 
the ratio in offspring. Complex segregation analysis of the data rejected tiie non-genetic 
hypothesis; among the genetic models tested, a major recessive gene with a polygenic 
component and random environmental effects was the most parsimonious model. Overall, 
Amadori et al. (1995) found that 57% of the variation in the CD4/CDS ratio could be 
attributed to genetic factors, as opposed to noninherited (stochastic or environmental) factors. 
In mice, the CD4/CD8 ratio appears to be under the genetic control of a single dominant gene 
(Kraal et al.. 1983). Chakravarti (1995) pointed to several important implications of the simple 
observation in this study. First, norms for the ratio must be defmed separately for different 
ages, genders, and perhaps even populations. The possibilit\' of a major gene determining the 
ratio implies that family history of low ratios may need to be considered for accurate 
prognosis of HIV or other infection. The identification of genes underlying this phenotype 
will lead to a better understanding of the mechanisms that commit immature thymocytes to the 
helper or cytotoxic lineages, and the site in the developmental chain in which they function. 
Lastly, identification of the genes will also help answer questions regarding genetic factors 
that control infection and immunity. 

To define the mode of inheritance of the CD4/CD8 ratio, Clement! et al. (1999) examined the 
absolute number of CD4 and CDS cells in a large unselected control population and in 
members of 70 nuclear families. Pedigrees of nuclear families were analyzed by complex 
segregation analysis. Data were adjusted before this analysis to remove the effects of relevant 
covariates. The nongenetic transmission and the multifactorial model could be easily rejected 
for both CD4 and CDS cells. The best fitting models were a major autosomal recessive gene 
with a residual multifactorial effect controlling the high number of CD4 and a major 
autosomal recessive gene with a residual multifactorial effect controlling the high number of 
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CDS ceiis. Ti:c ::i'.::hors pointed out :ha: the xno'^ied^e of the CD4 - ceii [u;:noer an^ :;:e 
propor::on ber\\een CD4* and CDS- T celis jouid be a 'jserui parameter in predicting limn.ar, 
imnu:noderlcienc\- \ irus infection otitcorTie.' 

5 LOW AFFINITY BINDING 

As used in relation to the present invention, preferably the term "low affinity binding" 
means a Kd value of at least about 200 nM. More preferably the term "low affinity 
binding" means a Kd value of more than about 200 nM. 

10 

LIGAND 

In a preferred aspect, the assay method of the present invention utilises a ligand. 
This ligand is capable of indicating whether said agent has modulated said 
15 interaction. 

The ligand may be any suitable ligand. The ligand may be an organic chemical 
compound. The ligand may be a protein. 

20 In a preferred aspect, the ligand carries a detectable label. This detectable label may 
become detectable once modulation has occurred - such as through a change in 
spectrometric properties of the ligand. 

This label may be detectable by, for example, spectrometric means - such as 
25 spectrophotometric means. Preferably, however, the detectable label is a fluorescent 
label. Here, any suitable fluorescent can be used. 

In a preferred aspect, the ligand comprises at least one antibody, preferably at least 
two antibodies. In this respect, the at least one antibody is termed a "first antibody". 
30 This first antibody may be able to bind to any of the agent to gp120. In a preferred 
aspect, the first antibody is able to bind to gp120 with high affinity and specificity, and 
in a mode that does not disturb the interaction of gp120 with either CD4 or CCR5. 

If the ligand comprises at least two antibodies, then the at least one other antibody is 
35 called a "second antibody". The second antibody may be able to bind the first 
antibody. In a preferred aspect, the second antibody is able to bind to the first 
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antibody with high affinity and specificity, and in a way that does not disturb the 
interaction of the first antibody with its ligand. 

Preferably, the ligand comprises the first antibody and the second antibody. In this 
5 embodiment, in the preparation of the second reaction mixture the first antibody and 
the second antibody may be added sequentially, simultaneously or together. 

Preferably the second antibody carries the detectable label, if there is no second 
antibody, the first antibody typically carries the detectable label. 

10 

ANTIBODY 

As indicated, preferably the ligand for use in the assay method of the present 
invention comprises one or two antibodies. 

15 

The "antibody" as used herein includes but is not limited to, polyclonal, monoclonal, 
chimenc, single chain, Fab fragments and fragments produced by a Fab expression 
library. Such fragments include fragments of whole antibodies which retain their 
binding activity for a target substance, Fv, F(ab') and F(ab')2 fragments, as well as 
20 single chain antibodies (scFv), fusion proteins and other synthetic proteins which 
comprise the antigen-binding site of the antibody. Furthermore, the antibodies and 
fragments thereof may be humanised antibodies, for example as described in US-A- 
239400. Neutralizing antibodies, i.e., those which inhibit biological activity of the 
substance polypeptides, are especially preferred for diagnostics and therapeutics. 

25 

Antibodies may be produced by standard techniques, such as by immunisation with 
the substance of the invention or by using a phage display library. 

If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat, 
30 horse, etc.) is immunised with an immunogenic polypeptide bearing a epitope(s) 
obtainable from an identified agent and/or substance of the present invention. 
Depending on the host species, various adjuvants may be used to increase 
immunological response. Such adjuvants include, but are not limited to, Freund's, 
mineral gels such as aluminium hydroxide, and surface active substances such as 
35 lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanin, and dinitrophenol. BCG (Bacilli Calmette-Guerin) and Corynebacterium 
parvum are potentially useful human adjuvants which may be employed if purified the 
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substance polypeptide is administered to immunologicaiiy compromised individuals 
for the purpose of stimulating systemic defence. 

Serum from the immunised animal is collected and treated according to known 
5 procedures, if serum containing polyclonal antibodies to an epitope obtainable from 
an identifed agent and/or substance of the present invention contains antibodies to 
other antigens, the polyclonal antibodies can be purified by immunoaffinity 
chromatography. Techniques for producing and processing polyclonal antisera are 
known in the art. In order that such antibodies may be made, the invention aiso 
!0 provides polypeptides of the invention or fragments thereof haptenised to another 
polypeptide for use as immunogens in animals or humans. 

Monoclonal antibodies directed against particular epitopes can also be readily 
produced by one skilled in the art. The general methodology for making monoclonal 
15 antibodies by hybridomas is well known. Immortal antibody-producing cell lines can 
be created by cell fusion, and also by other techniques such as direct transformation 
of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. 
Panels of monoclonal antibodies produced against orbit epitopes can be screened for 
various properties; i.e., for isotype and epitope affinity. 

20 

Monoclonal antibodies may be prepared using any technique which provides for the 
production of antibody molecules by continuous cell lines in culture. These include, 
but are not limited to, the hybridoma technique originally described by Koehler and 
Milstein (1975 Nature 256:495-497), the human B-ceil hybridoma technique (Kosbor 

25 et al (1983) Immunol Today 4:72; Cote et al (1983) Proc Natl Acad Sci 80:2026- 
2030) and the EBV-hybridoma technique (Cole et al (1985) Monoclonal Antibodies 
and Cancer Therapy, Alan R Liss Inc, pp 77-96). In addition, techniques developed 
for the production of "chimeric antibodies", the splicing of mouse antibody genes to 
human antibody genes to obtain a molecule with appropriate antigen specificity and 

30 biological activity can be used (Morrison et al (1984) Proc Natl Acad Sci 81:6851- 
6855; Neuberger et al (1984) Nature 312:604-608; Takeda et ai (1985) Nature 
314:452-454). Alternatively, techniques described for the production of single chain 
antibodies (US Patent No. 4,946,779) can be adapted to produce the substance 
specific single chain antibodies. 
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Antibodies may also be produced by inducing in vivo production in the lymphocyte 
population or by screening recombinant immunoglobulin libraries or panels of highly 
specific binding reagents as disclosed in Orlandi et al (1989, Proc Natl Acad Sci 86; 
5 3833-3837), and Winter G and Milstein C (1991 ; Nature 349:293-299). 

Antibody fragments which contain specific binding sites for the substance may also 
be generated. For example, such fragments include, but are not limited to, the 
F(ab')2 fragments which can be produced by pepsin digestion of the antibody 
10 molecule and the Fab fragments which can be generated by reducing the disulfide 
bridges of the F(ab')2 fragments. Alternatively, Fab expression libraries may be 
constructed to allow rapid and easy identification of monoclonal Fab fragments with 
the desired specificity (Huse WD et al (1989) Science 256:1275-128 1). 

15 ASSAY 

Any one or more of appropriate targets - such as an amino acid sequence and/or 
nucleotide sequence - may be used for identifying an agent capable of modulating 
the interaction of gp120 with CCR5 in any of a variety of drug screening techniques. 
20 The target employed in such a test may be free in solution, affixed to a solid support, 
borne on a cell surface, or located intracelluiarly. The abolition of target activity or 
the formation of binding complexes between the target and the agent being tested 
may be measured. 

25 The assay of the present invention may be a screen, whereby a number of agents 
are tested. In one aspect, the assay method of the present invention is a high 
through put screen. 

Techniques for drug screening may be based on the method described in Geysen, 
30 European Patent Application 84/03564, published on September 13, 1984. In 

summary, large numbers of different small peptide test compounds are synthesized 

on a solid substrate, such as plastic pins or some other surface. The peptide test 

compounds are reacted with a suitable target or fragment thereof and washed. 

Bound entities are then detected - such as by appropriately adapting methods well 
35 known in the art. A purified target can also be coated directly onto plates for use in a 

drug screening techniques. Alternatively, non-neutralising antibodies can be used to 

capture the peptide and immobilise it on a solid support. 



This invention also contemplates the use of competitive drug screening assays in 
which neutralising antibodies capable of binding a targe: specificaliy compete with a 
test compound for binding to a target. 

Another technique for screening provides for high throughput screening (HTS) of 
agents having suitable binding affinity to the substances and is based upon the 
method described in detail in WO-A-84/03564. 

It is expected that the assay methods of the present invention will be suitable for both 
small and large-scale screening of test compounds as well as in quantitative assays. 

In one preferred aspect, the present invention relates to a method of identifying 
agents that selectively modulate the interaction between gp120 and CCR5. 

In a preferred aspect, the assay of the present invention utilises ceils that display 
CCR5 on their surface. These ceils may be isolated from a subject possessing such 
cells. However, preferably, the cells are prepared by transfecting cells so that upon 
transfect those cells display on their surface CCR5. Teachings for preparing such 
transfected cells may be found in US-A-5939320. 

REPORTERS 

A wide variety of reporters may be used in the assay methods (as well as screens) of 
the present invention with preferred reporters providing conveniently detectable 
signals (eg. by spectroscopy). By way of example, a reporter gene may encode an 
enzyme which catalyses a reaction which alters light absorption properties. 

Other protocols include enzyme-linked immunosorbent assay (ELISA), 
radioimmunoassay (RiA) and fluorescent activated cell sorting (FAGS). A two-site, 
monoclonal-based immunoassay utilising monoclonal antibodies reactive to two non- 
interfering epitopes may even be used. These and other assays are described, 
among other places, in Hampton R et al (1990, Serological Methods, A Laboratory 
Manual, APS Press, St Paul MN) and Maddox DE et al (1983, J Exp Med 15 8:121 
1). 



Examples of reporter molecules include but are not limited to (galactosidase, 
invertase, green fluorescent protein, luciferase, chloramphenicol, acetyltransferase, 
(glucuronidase, exo-glucanase and giucoamylase. Alternatively, radiolabelled or 
fluorescent tag-labelled nucleotides can be incorporated into nascent transcnpts 
which are then identified when bound to oligonucleotide probes. 

By way of further examples, a number of companies such as Pharmacia Biotech 
(Piscataway, NJ), Promega (Madison, Wl), and US Biochemical Corp (Cleveland, 
OH) supply commercial kits and protocols for assay procedures. Suitable reporter 
molecules or labels include those radionuclides, enzymes, fluorescent, 
chemiluminescent, or chromogenic agents as well as substrates, cofactors, inhibitors, 
magnetic particles and the like. Patents teaching the use of such labels include US- 
A-3817837i US-A-3850752; US-A-3939350; US-A-3996345; US-A-4277437; US-A- 
4275149 and US-A-4366241 . 

HOST CELLS 

Polynucleotides for use in the present invention - such as for use as targets or for 
expressing targets - may be introduced into host cells. 

The term "host cell" - in relation to the present invention includes any cell that could 
comprise the target for the agent of the present invention. 

Here, polynucleotides may be introduced into prokaryotic cells or eukaryotic cells, for 
example yeast, insect or mammalian cells. 

Polynucleotides of the invention may introduced into suitable host cells using a 
variety of techniques known in the art, such as transfection. transformation and 
electroporation. Where polynucleotides of the invention are to be administered to 
animals, several techniques are known in the art, for example infection with 
recombinant viral vectors such as retroviruses, herpes simplex viruses and 
adenoviruses, direct injection of nucleic acids and biolistic transformation. 

Thus, a further embodiment of the present invention provides host cells transformed 
or transfected with a polynucleotide that is or expresses the target of the present 
invention. Preferably said polynucleotide is carried in a vector for the replication and 
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exoression cf polynucleotides that are to be the target or are to express the target. 
The cells will be chosen to be compatible with the said vector and may for example 
be prokaryotic [for example bacterial), fungai, yeast or plant cells. 

5 The gram negative bacterium E. coli is widely used as a host for heterologous gene 
expression. However, large amounts of heterologous protein tend to accumulate 
inside the cell. Subsequent purification of the desired protein from the bulk, of E.coli 
intracellular proteins can sometimes be difficult. 

10 In contrast to E.coli, bacteria from the genus Bacillus are very suitable as 
heterologous hosts because of their capability to secrete proteins into the culture 
medium. Other bacteria suitable as hosts are those from the genera Streptomyces 
and Pseudomonas. 

15 Depending on the nature of the polynucleotide encoding the polypeptide of the 
present invention, and/or the desirability for further processing of the expressed 
protein, eukaryotic hosts such as yeasts or other fungi may be preferred. In general, 
yeast cells are preferred over fungal cells because they are easier to manipulate. 
However, some proteins are either poorly secreted from the yeast cell, or in some 

20 cases are not processed properly (e.g. hyperglycosylation in yeast). In these 
instances, a different fungal host organism should be selected. 

Examples of suitable expression hosts within the scope of the present invention are 
fungi such as Aspergillus species (such as those described in EP-A-01 84438 and 

25 EP-A-0284603) and Trichoderma species; bacteria such as Bacillus species (such as 
those described in EP-A-01 34048 and EP-A-0253455), Streptomyces species and 
Pseudomonas species; and yeasts such as Kluyveromyces species (such as those 
described in EP-A-0096430 and EP-A-0301670) and Saccharomyces species. By 
way of example, typical expression hosts may be selected from Aspergillus niger, 

30 Aspergillus niger var. tubigenis, Aspergillus niger var. awamori, Aspergillus aculeatis, 
Aspergillus niduians, Aspergillus orvzae, Thchoderma reesei, Bacillus subtilis, 
Bacillus licheniformis, Bacillus amyloliquefaciens, Kluyveromyces lactis and 
Saccharomyces cerevisiae. 



Polypeptides that are extensively modified may require correct processing to 
complete their function. In those instances, mammalian cell expression systems 
(such as HEK-293, CHO, HeLA) are required, and the polypeptides are expressed 
either intracellularly, on the ceil membranes, or secreted in the culture media if 
preceded by an appropriate leader sequence. 

The use of suitable host cells - such as yeast, fungal, plant and mammalian host cells 
- may provide for post-translational modifications (e.g. myristoylation, glycosylation, 
truncation, lapidation and tyrosine, serine or threonine phosphonylation) as may be 
needed to confer optimal biological activity on recombinant expression products of 
the present invention. 

ORGANISM 

The term "organism" in relation to the present invention includes any organism that 
could comprise the target according to the present invention and/or products 
obtained therefrom. Examples of organisms may include a fungus, yeast or a plant. 

The term "transgenic organism" in relation to the present invention includes any 
organism that comprises the target according to the present invention and/or 
products obtained. 

TRANSFORMATION OF HOST CELLS/HOST ORGANISMS 

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic 
organism. Examples of suitable prokaryotic hosts include E. co// and Bacillus subtilis. 
Teachings on the transformation of prokaryotic hosts is well documented in the art, 
for example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd 
edition, 1989, Cold Spring Harbor Laboratory Press) and Ausubei et al., Current 
Protocols in Molecular Biology (1995), John Wiley & Sons, Inc. 

If a prokaryotic host is used then the nucleotide sequence may need to be suitably 
modified before transformation - such as by removal of introns. 

In another embodiment the transgenic organism can be a yeast. In this regard, yeast 
have also been widely used as a vehicle for heterologous gene expression. The 
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species Saccharomyces cerevisiae has a long history of industrial use, including ;:s 
use for heterotogous gene expression. Expression of heterologous genes ;h 
Saccharomyces cerevisiae has been reviewed by Goodey et al (1987, Yeast 
Biotechnology. D R Berny et a!, eds, pp 401-429. Allen and Unwin. London) and by 
- King et al (1989. Molecular and Cell Biology of Yeasts. E F Walton and G T 
Yarronton, eds, pp 107-133, Blackie, Glasgow). 

For several reasons Saccharomyces cerevisiae is well suited for heterologous gene 
expression. First, it is non-pathogenic to humans and it is incapable of producing 
10 certain endotoxins. Second, it has a long history of safe use following centuries of 
commercial exploitation for various purposes. This has led to wide public 
acceptability. Third, the extensive commercial use and research devoted to the 
organism has resulted in a wealth of knowledge about the genetics and physiology 
as well as large-scale fermentation characteristics of Saccharomyces cerevisiae. 

15 

A review of the principles of heterologous gene expression in Saccharomyces 
cerevisiae and secretion of gene products is given by E Hinchcliffe E Kenny (1993, 
"Yeast as a vehicle for the expression of heterologous genes", Yeasts, Vol 5, 
Anthony H Rose and J Stuart Harrison, eds, 2nd edition. Academic Press Ltd.). 

20 

Several types of yeast vectors are available, including integrative vectors, which 
require recombination with the host genome for their maintenance, and 
autonomously replicating plasmid vectors. 

25 In order to prepare the transgenic Saccharomyces, expression constructs are 
prepared by inserting the nucleotide sequence of the present invention into a 
construct designed for expression in yeast. Several types of constructs used for 
heterologous expression have been developed. The constructs contain a promoter 
active in yeast fused to the nucleotide sequence of the present invention, usually a 

30 promoter of yeast origin, such as the GAL1 promoter, is used. Usually a signal 
sequence of yeast origin, such as the sequence encoding the SUC2 signal peptide, 
is used. A terminator active in yeast ends the expression system. 

For the transformation of yeast several transformation protocols have been 
35 developed. For example, a transgenic Saccharomyces according to the present 
invention can be prepared by following the teachings of Hinnen et al (1 978, 
Proceedings of the National Academy of Sciences of the USA 75, 1929); Beggs, J D 



(1978, Nature, London, 275, 104); and Ito, H et al (1983, J Bacteriology 153, 163- 
168). 

The transformed yeast cells are selected using various selective markers. Among 
the markers used for transformation are a number of auxotrophic markers such as 
LEU2, HiS4 and TRP1, and dominant antibiotic resistance markers such as 
aminoglycoside antibiotic markers, eg G418. 

Another host organism is a plant. The basic principle in the construction of 
genetically modified plants is to insert genetic information in the plant genome so as 
to obtain a stable maintenance of the inserted genetic material. Several techniques 
exist for inserting the genetic information, the two main principles being direct 
introduction of the genetic information and introduction of the genetic information by 
use of a vector system. A review of the general techniques may be found in articles 
by Potrykus (Annu Rev Plant Physiol Plant Mol Biol [1991] 42:205-225) and Christou 
(Agro-Food-Industry Hi-Tech March/April 1994 17-27). Further teachings on plant 
transformation may be found in EP-A-0449375. 

Further hosts suitable for the nucleotide sequence of the present invention include 
higher eukaryotic cells, such as insect cells or vertebrate cells, particularly 
mammalian cells, including human cells, or nucleated cells from other multicellular 
organisms. In recent years propagation of vertebrate cells in culture (tissue culture) 
has become a routine procedure. Examples of useful mammalian host cell lines are 
epithelial or fibroblastic cell lines such as Chinese hamster ovary (CHO) cells, NIH 
3T3 cells, HeLa cells or 293T cells. 

The nucleotide sequence of the present invention may be stably incorporated into 
host cells or may be transiently expressed using methods known in the art. By way 
of example, stably transfected mammalian cells may be prepared by transfecting 
cells with an expression vector having a selectable marker gene, and growing the 
transfected cells under conditions selective for cells expressing the marker gene. To 
prepare transient transfectants, mammalian cells are transfected with a reporter gene 
to monitor transfection efficiency. 



To produce such stably or transiently transfected cells, the cells should be 
transfected with a sufficient amount of the nucleotide sequence of the present 
invention. The precise amounts of the nucleotide sequence of the present invention 
may be empirically determined and optimised for a particular celi and assay. 

Thus, the present invention also provides a method of transforming a host cell with a 
nucleotide sequence that is to be the target or is to express the target. Host cells 
transformed with the nucleotide sequence may be cultured under conditions suitable 
for the expression of the encoded protein. The protein produced by a recombinant 
cell may be displayed on the surface of the cell, if desired, and as will be understood 
by those of skill in the art, expression vectors containing coding sequences can be 
designed with signal sequences which direct secretion of the coding sequences 
through a particular prokaryotic or eukaryotic cell membrane. Other recombinant 
constructions may join the coding sequence to nucleotide sequence encoding a 
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(1993) DNA Cell Biol 12:441-53). 



AGENT 



The agent may be an organic compound or other chemical. The agent can be an 
amino acid sequence or a chemical derivative thereof, or a combination thereof. The 
agent may even be a nucleotide sequence - which may be a sense sequence or an 
anti-sense sequence. The agent may even be an antibody. 

Typically, the agents will be organic compounds. Typically the organic compounds 
will comprise two or more hydrocarbyi groups. Here, the term "hydrocarbyl group" 
means a group comprising at least C and H and may optionally comprise one or 
more other suitable substituents. Examples of such substituents may include halo-, 
alkoxy-, nitro-, an alkyl group, a cyclic group etc. In addition to the possibility of the 
substituents being a cyclic group, a combination of substituents may form a cyclic 
group. If the hydrocarbyl group comprises more than one C then those carbons need 
not necessarily be linked to each other. For example, at least two of the carbons 
may be linked via a suitable element or group. Thus, the hydrocarbyl group may 
contain hetero atoms. Suitable hetero atoms will be apparent to those skilled in the 
art and include, for instance, sulphur, nitrogen and oxygen. For some applications, 
preferably the agent comprises at least one cyclic group,. The cyclic group may be a 
polycyclic group, such as a non-fused polycyclic group. For some applications, the 
agent comprises at least the one of said cyclic groups linked to another hydrocarbyl 
group. 

Examples of agents may be the compounds disclosed in GB patent application No. 
9922009.7 (filed 18 September 1999). The teachings of that patent application are 
annexed hereto (after the Sequence Listings). For ease of reference, the pages of 
this application (which are numbered 1 etc. ) bear the Header "P60190". For the 
avoidance of doubt, the teachings of that application are also a part of this 
application. 



THERAPY 



The agents identified by the assay method of the present invention may be used as 
therapeutic agents - i.e. in therapy applications. 

The term "therapy" includes curative effects, alleviation effects, and prophylactic 
effects. 

The therapy may be on humans or animals. 

If any agent(s) adversely modulate the CCR5/gp120 interaction, then those agent(s) 
may be useful in the treatment of anti-inflammatory diseases and conditions and in 
the treatment and prevention of HIV-1 and genetically related retroviral infections. 

HIV 



In one aspect of the present invention, the assay method is used to identify agents 
that could be used to treat or prevent the spread or onset of a retroviral infection, 
especially human immunodeficiency virus (HIV) infection - i.e. treating or preventing 
HIV infection - and/or as treating or preventing AIDS. 

The expressions "treating or preventing AIDS", and "preventing or treating infection 
by HIV" as used herein are intended to mean the treatment of a wide range of states 
of HIV infection: AIDS, ARC (AIDS related complex), both symptomatic and 
asymptomatic, and actual or potential exposure to HIV. The quoted expressions are 
not intended, however, to be limited to the recited treatments, but rather are 
contemplated to include all beneficial uses relating to conditions attributable to an 
AIDS causative agent. For example, the identified agents may be useful in treating 
infection by HIV after suspected past exposure to HIV by, e.g., blood transfusion, 
organ transplant, exchange of body fluids, sexual intercourse, bites, needle stick, or 
exposure to patient blood. In addition, an identified agent may be used for the 
prevention of infection by HIV and the prevention of AIDS, such as in pre-or post- 
coital prophylaxis or in the prevention of maternal transmission of the HIV virus to a 
fetus or a child, whether at the time of birth, during the penod of nursing, or in any 
other manner. 



With respect to the spread of HIV infection, it has been shown that for entry into 
target cells, human immunodeficiency viruses require a chemokine receptor, CCR5 
and CXCR-4 among others, as well as the virus's primary receptor CD4. The 
principal cofactor for entry mediated by the envelope glycoproteins of primary 
macrophage-tropic strains of HIV-I is CCR5. Deng, et ai., Nature, 381, 661-666 
(1 996) further discuss aspects of CCR5 mediated HIV entry. 

In short, HIV attaches to the CD4 molecule on cells through a region of its envelope 
protein, gp120, and gp120 is part of a multi-subunit complex, most likely a tnmer of 
gp160, i.e., gp120 + gp41. It is believed that the CD4 binding site on the gp120 of 
HIV interacts with the CD4 molecule on the cell surface, triggering conformational 
changes across the trimer, which allow it to bind to another cell-surface receptor, 
such as CCR5. This in turn enables gp41 to induce fusion with the cell membrane, 
and entry of the viral core into the cell. In addition, macrophage-tropic HIV and SIV 
envelope proteins have been shown to induce a signal through CCR5 on CD4+ cells, 
which may enhance the replication of the virus. See Weissman, et al., Nature, 389, 
981-985 (1997) for a description of this phenomenon. Further, it has been shown 
that a complex of gp120 and soluble CD4 interacts specifically with CCR5 and 
inhibits the binding of the natural CCR5 ligands, as described in Wu, et al., Nature, 
384, 179-183 (1996); and Trkola, et al., Nature, 384, 184-187 (1996). It has further 
been demonstrated that p-chemokines and related molecules, e.g., (AOP)-RANTES, 
prevent HIV fusion to the cell membrane and subsequent infection, both in vitro, as 
described in Dragic, et a!., Nature, 381, 667-673 (1996), and in animal models. 
Finally, absence of CCR5 appears to confer protection from HIV-1 infection, as 
descnbed in Nature, 382, 668-669 (1996). In particular, an inhented frame-shifting 
mutation in the CCR5 gene has been shown to abolish functional expression of the 
gene in vitro, and individuals homozygous for the mutation are apparently not 
susceptible to HIV infection, while at the same time they do not seem to be immuno- 
compromised by this variant. Furthermore, those heterozygote individuals that have 
been infected by HIV progress more slowly to full-blown clinical AIDS. In addition to 
validating the role of CCR5 in the infectious cycle of HIV, the above observations 
suggest that CCR5 is dispensable in the adult organism. 

Although most HIV-1 isolates studied to date utilize CCR5 or CXCR-4, at least nine 
other chemokine receptors, or structurally related molecules, have also been 
descnbed as supporting HIV-1 env-mediated membrane fusion or viral entry in vitro. 
These include CCR2b, CCR3, BOB/GPR15, Bonzo/STRL33rrYMSTR, GPR1, 



CCR8, US28. V23/CX3CR1. LTB-4, and APJ There is good evidence that CCR3 
can be used efficiently by a significant fracticn of HiV-1 isolates in vitro, provided that 
this protein is over-expressed in transfecreo ceils. Nevenneiess. consistent evidence 
indicates that anti-HIV drugs targeted to chermokine receptors may not be 
5 compronnised by this variability. Indeed, the chemokines RANTES, MlP-1a. SDF-1 
have been shown to suppress replication of primary HIV isolates. A derivative of 
RANTES, (AOP)-RANTES. is a sub-nanomolar antagonist of CCR5 function in 
monocytes. Monoclonal antibodies to CCR5 have been reported to block infection of 
cells by HIV in vitro, A small molecule antagonist of CXCR4, identified as AMD3100. 

io has been reported to inhibit infection of susceptible cultures by CXCR4 dependent 
primary and lab-adapted HIV viruses while another small molecule called TAK 779 
blocks entry of CCR5-tropic strains (Baba, et al. PNAS, 96 (10), 5698-5703 (1999); In 
addition, the majority of primary strains from early and late disease stages utilize 
CCR5 exclusively or in addition to other chemokine receptors, indicating that CCR5 

15 dependent infection may play an essential role in the initiation and maintenance of 
productive HIV infection in a host. Accordingly, an agent which blocks or adversely 
modulates CCR5 in patients including mammals, and especially humans who 
possess normal chemokine receptors, can reasonably be expected to prevent 
infection in healthy individuals and slow or halt viral progression in infected patients. 

20 

ADDITIONAL BIOLOGICAL STUDIES 

If desired, the agents identified by the assay method of the present invention can be 
further investigated using other assay systems. 

25 

By way of example, referance may be made to the CCR5 binding assay procedures 
disclosed in Combadiere et aL, J. Leukoc. Biol. 60, 147-52 (1996); and/or intracellular 
calcium mobilisation assays as described by the same authors. Ceil lines expressing 
the receptor of interest include those naturally expressing the receptor, such as PM- 

30 1, or IL-2 stimulated peripheral blood lymphocytes (PBL), or a cell engineered to 
express a recombinant receptor, such as CHO, 300.19, LI. 2 or HEK-293. In 
particular, the agents may be further investigated to see if they can prevent the 
binding of further known chemokine ligands to CCR5 !n addition, the agents may be 
studied further to see if they prevent intracellular calcium mobilization in response to 

35 endogenous agonists, which is consistent with their functioning as CCR5 
antagonists. 
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Further examples of other assays include those the HIV microculture assays 
described in Dimitrov et al., J. Clin. Microbioi. 28, 734-737 (1990)). and the 
pseudotyped HIV reporter assay described in Connor et al., Virology 206 (2) 935-44 
(1995). In particular, the agents can be investigated to see if they inhibit p24 
5 production following replication of laboratory-adapted and primary HIV strains in 
primary blood lymphocytes (PBLs) and clonal celMines known to support replication 
of both CCR5 and CXCR-4 tropic viruses, e.g., PM-1 and MOLT4-clone 8. 
Furthermore, the agents can be investigated to see if they inhibit entry of chimeric 
HIV reporter viruses pseudotyped with envelope from a CCR5 dependent strain 
to (ADA). Furthermore, the agents can be investigated to see if they inhibit infection of 
primary cells by HIV isolated from infected patient blood. 

PHARMACEUTICAL COMPOSITIONS 

15 The present invention also provides a pharmaceutical composition comprising 
administering a therapeutically effective amount of the agent of the present invention 
and a pharmaceutically acceptable carrier, diluent or excipients (including 
combinations thereof). 

20 The pharmaceutical compositions may be for human or animal usage in human and 
veterinary medicine and will typically comprise any one or more of a pharmaceutically 
acceptable diluent, carrier, or excipient. Acceptable carriers or diluents for 
therapeutic use are weil known in the pharmaceutical art, and are described, for 
example, in Remington's Pharmaceutical Sciences, Mack Publishing Co. (A. R. 

25 Gennaro edit. 1985). The choice of pharmaceutical carrier, excipient or diluent can 
be selected with regard to the intended route of administration and standard 
pharmaceutical practice. The pharmaceutical compositions may comprise as - or in 
addition to - the earner, excipient or diiuent any suitable binder(s), lubricant(s), 
suspending agent(s), coating agent(s), solubilising agent(s). 

30 

Preservatives, stabilizers, dyes and even flavoring agents may be provided in the 
pharmaceutical composition. Examples of preservatives include sodium benzoate, 
sorbic acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending 
agents may be also used. 

35 

There may be different composition/formulation requirements dependent on the 
different delivery systems. By way of example, the pharmaceutical composition of 



the present invention may be formulated to be deiivered using a mini-pumo or by a 
mucosal route, for example, as a nasal spray or aerosol for inhalation or mgestable 
solution, or parenteraiiy in which the composition is formulated by an injectable form, 
for delivery, by. for example, an intravenous, intramuscular or subcutaneous route. 
Alternatively, the formulation may be designed to be delivered by both routes. 

Where the agent is to be delivered mucosally through the gastrointestinal mucosa, it 
should be able to remain stable during transit though the gastrointestinal tract; for 
example, it should be resistant to proteolytic degradation, stable at acid pH and 
resistant to the detergent effects of bile. 

Where appropriate, the pharmaceutical compositions can be administered by 
inhalation, in the form of a suppository or pessary, topically in the form of a lotion, 
solution, cream, ointment or dusting powder, by use of a skin patch, orally in the form 
of tablets containing excipients such as starch or lactose, or in capsules or ovules 
either alone or in admixture with excipients. or in the form of elixirs, solutions or 
suspensions containing flavouring or colouring agents, or they can be injected 
parenteraiiy, for example intravenously, intramuscularly or subcutaneously. For 
parenteral administration, the compositions may be best used in the form of a sterile 
aqueous solution which may contain other substances, for example enough salts or 
monosaccharides to make the solution isotonic with blood. For buccal or sublingual 
administration the compositions may be administered in the form of tablets or 
lozenges which can be formulated in a conventional manner. 

PHARMACEUTICAL COMBINATIONS 

The agent of the present invention may be administered with one or more other 
pharmaceutically active substances. By way of example, the present invention 
covers the simultaneous, or sequential treatments with an agent according to the 
present invention and one or more inhibitors of HIV protease and/or inhibitors of HIV 
reverse transcriptase, preferably selected from the class of non-nucleoside reverse 
transcriptase inhibitors (NNRTI), including but not limited to nevirapine, delavirdine, 
and efavirenz; from among the nucleoside/nucleotide inhibitors, including but not 
limited to zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and 
adefovir dipivoxil; and from among the protease inhibitors, including but not limited to 
indinavir, ritonavir, saquinavir, nelfinavir, and amprenavir. Other agents useful in the 
above-described preferred embodiment combinations of the present invention 



include current and to-be-discovered investigational drugs from any of the above 
classes of inhibitors, including but not limited to FTC, PMPA, fozivudine tidoxiT, 
talviraline, S-1153, MKC-442, MSC-204, MSH-372, DMP450, PNU-140690, ABT- 
378, and KNI-764. 

There is also included within the scope of the preferred embodiments of the present 
invention, combinations of an agent according to the present invention together with 
a supplementary therapeutic agent used for the purpose of auxiliary treatment, 
wherein said supplementary therapeutic agent comprises one or more members 
independently selected from the group consisting of proliferation inhibitors, e.g., 
hydroxyurea; immunomodulators, e.g., sargramostim, and various forms of interferon 
or interferon derivatives; fusion inhibitors, e.g., AMD3100, T-20, PRO-542, AD-349, 
BB-10010 and other chemokine receptor agonists/antagonists; integrase inhibitors, 
e.g., AR177; RNaseH inhibitors; inhibitors of viral transcription and RNA replication; 
and other agents that inhibit viral infection or improve the condition or outcome of 
HIV-infected individuals through different mechanisms. 

For some applications, preferred methods of treatment of the present invention for 
the prevention of HIV infection, or treatment of aviremic and asymptomatic subjects 
potentially or effectively infected with HIV, include but are not limited to administration 
of a member independently selected from the group consisting of: (i) an agent 
according to the present invention; (ii) one NNRTl in addition to a compound of (i); 
(iii) two NRTi in addition to a compound of (i); (iv) one NRTI in addition to the 
combination of (ii); and (v) a compound selected from the class of protease inhibitors 
used in place of an NRTI in combinations (iii) and (iv). 

For some applications, preferred methods of treatment of the present invention for 
the therapy of HIV-infected individuals with detectable viremia or abnormally low CD4 
counts further include as a member to be selected: (vi) treatment according to (i) 
above in addition to the standard recommended initial regimens for the therapy of 
established HIV infections, e.g., as described in Bartlett, J. G., "1998 Medical 
management of HIV infection", Johns Hopkins University publishers, ISBN 0-9244- 
2809-0. Such standard regimens include but are not limited to an agent from the 
class of protease inhibitors in combination with two NRTls; and (vii) a standard 
recommended initial regimens for the therapy of established HIV infections, e.g., as 
described in Bartlett, J. G., "1998 Medical management of HIV infection", Johns 
Hopkins University publishers, ISBN 0-9244-2809-0), where either the protease 



inhibitor corr:ponent. cr one or both of the NRTIs is/are repiaced by an agen: 
according to the present invention. 

For some appiications, preferred methods of treatment of the present invention for 
? the therapy of HIV-infected individuals that have failed antiviral therapy further 
include as a member to be selected: (viii) treatment according to (i) above, in addition 
to the standard recommended regimens for the therapy of such patients, e.g., as 
described in Bartlett, J. G., "1998 Medical management of HIV infection*\ Johns 
Hopkins University publishers, ISBN 0-9244-2809-0); and (ix) a standard 
]o recommended initial regimens for the therapy of patients who have failed 
antiretroviral therapy, e.g., as described in Bartlett, J. G., "1998 Medical management 
of HIV infection", Johns Hopkins University publishers, ISBN 0-9244-2809-0), where 
either one of the protease inhibitor components, or one or both of the NRTIs is/are 
replaced by an agent according to the present invention. 

15 

In the above-described combinations of the present invention, the agent of the 
present invention and other therapeutic active agents may be administered in terms 
of dosage forms either separately or in conjunction with each other, and in terms of 
their time of administration, either serially or simultaneously. Thus, the administration 
20 of one component agent may be prior to, concurrent with, or subsequent to the 
administration of the other component agent(s). 

ADMINISTRATION 

25 Typically, a physician will determine the actual dosage which will be most suitable for 
an individual subject and it will vary with the age, weight and response of the 
particular patient. The dosages below are exemplary of the average case. There 
can, of course, be individual instances where higher or lower dosage ranges are 
merited. 

30 

The compositions of the present invention may be administered by direct injection. 
The composition may be formulated for parenteral, mucosal, intramuscular, 
intravenous, subcutaneous, intraocular or transdermal administration. Depending 
upon the nned, the agent may be administered at a dose of from 0.01 to 30 mg/kg 
35 body weight, such as from 0.1 to 10 mg/kg, more preferably from 0.1 to 1 mg/kg body 
weight. 



By way of further example, the agents of the present invention may be administered 
in accordance with a regimen of 1 to 4 times per day, preferably once or twice pe"r 
day. The specific dose level and frequency of dosage for any particular patient may 
be varied and will depend upon a variety of factors including the activity of the 
specific compound employed, the metabolic stability and length of action of that 
compound, the age, body weight, general health, sex, diet, mode and time of 
administration, rate of excretion, drug combination, the severity of the particular 
condition, and the host undergoing therapy. In particular, however, the treatment of 
retroviral infections, and more particularly HIV, may be guided by genotyping and 
phenotyping the virus in the course of or prior to the initiation of administration of the 
therapeutic agent. In this way, it is possible to optimise dosing regimens and efficacy 
when administering an agent according to the present invention for the prevention or 
treatment of infection by a retrovirus, in particular, the human immunodeficiency virus 
(HIV). 

The term "administered" includes delivery by viral or non-viral techniques. Viral 
delivery mechanisms include but are not limited to adenoviral vectors, adeno- 
associated viral (AAV) vectos, herpes viral vectors, retroviral vectors, lentiviral 
vectors, and bacuiovira! vectors. Non-viral delivery mechanisms include lipid 
mediated transfection, liposomes, immunoliposomes, lipofectin, cationic facial 
amphiphiles (CPAs) and combinations thereof. The routes for such delivery 
mechanisms include but are not limited to mucosal, nasal, oral, parenteral, 
gastrointestinal, topical, or sublingual routes. 

The term "administered" includes but is not limited to delivery by a mucosal route, for 
example, as a nasai spray or aerosol for Inhalation or as an ingestable solution; a 
parenteral route where delivery is by an injectable form, such as, for example, an 
intravenous, intramuscular or subcutaneous route. 

For some applications, preferably the agent is administered orally. 

GENERAL RECOMBINANT DMA METHODOLOGY TECHNIQUES 

Although in general the techniques mentioned herein are well known in the art, 
reference may be made in particular to Sambrook et al., Molecular Cloning, A 
Laboratory Manual (1989) and Ausubel et al.. Short Protocols in Molecular Biology 
(1999) 4th Ed, John Wiley & Sons, Inc. PCR is described in US-A-46831 95, US-A- 



4300195 and US-A-4Sd51 83. 



SUMMARY 

Thus, in summary, the present invention provides an assay method for determining 
whether an agent is capable of modulating the interaction of CCR5 with gp120. The 
assay method comprises incubating the agent with CCR5 and gp120 to form a first 
reaction mixture; and determining whether said agent modulates the interaction of 
CCR5 with gp120. In the method, gp120 is associated with CD4. In particular, in the 
assay method the interaction of CCR5 with gp120 is a low affinity binding. 

The present invention also relates to agents identified using said method, as well as 
pharmaceutical compositions comprising same, as well as methods of therapy using 
same. 

In a preferred embodiment the present invention provides an assay method for 
determining whether an agent is capable of modulating the interaction of CCR5 with 
gp120; the method comphsing: incubating the agent with CCR5 and gp120 to form a 
first reaction mixture; and determining whether said agent modulates the interaction 
of CCR5 with gp120; wherein said gp120 is associated with CD4; wherein said 
interaction is a low affinity binding; and wherein said method includes the step of 
adding a ligand to said first reaction mixture to form a second reaction mixture; 
wherein said ligand is capable of indicating whether said agent has modulated said 
interaction; and wherein said ligand has a detectable label. 

In a highly preferred embodiment the present invention provides an assay method for 
determining whether an agent is capable of modulating the interaction of CCR5 with 
gp120; the method comprising: incubating the agent with CCR5 and gp120 to form a 
first reaction mixture; and determining whether said agent modulates the interaction 
of CCR5 with gp120; wherein said gp120 is associated with CD4; wherein said 
interaction is a low affinity binding; and wherein said method includes the step of 
adding a ligand to said first reaction mixture to form a second reaction mixture; 
wherein said ligand is capable of indicating whether said agent has modulated said 
interaction; wherein said ligand has a detectable label; and wherein said ligand 
comprises at least a first antibody, wherein said first antibody is capable of binding to 
gp120 and wherein said binding is high affinity binding; and wherein said ligand 
possibly comprises a second antibody, wherein said second antibody is capable of 



binding to said first antibody; and wherein said detectable label is associated with 
said second antibody, or with first antibody if second antibody is not required. 

EXAMPLES 

The present invention will now be described, by way of example only. 

In accordance with the present invention, TR-FIA (time resolved fluorescence 
immunoassay) is used to determine IC50 of inhibition of gp120 binding to the 
receptor CCR-5 on MIP34.10 in 96 well plates. 

The principle of this assay is based on competitive inhibition of gp120 binding to the 
receptor CCR-5 on transformed HEK-293 MfP34.10 cells. Varying concentrations of 
compounds and chemokines are incubated with a constant amount of the gp120, 
prior to addition of an anti-gp120 antibody and a secondary Eu^' labelled anti-lgG. 
The displacement of the gp1 20/CD4 /antibody/antibody complex is measured by time 
resolved fluorescence (TRF) in a DELFIA Counter and % inhibitions are calculated 
using XL software. 

MATERIALS AND METHODS : 

Cell Culture 

MIP34.10 cells supplied by Cell Biology and continued passage within the laboratory. 
PBS (Dulbecco's) without Ca2+ and Mg2+ - HyQ Reagents, HyClone (cat no : B- 
4004-L) 

1x Cell Dissociation Solution non-enzymatic - Sigma (cat no : C-5914) 
Growth medium 

500ml 1x Dulbecco's Modified Eagle's Medium (DMEM) with 3.7g/l sodium 
bicarbonate without L-glutamine - HyQ Reagents, HyClone (cat no : B-7501-L) 
50ml foetal calf serum (FCS) - PAA Laboratories, Austria (cat no : A1 5-041) 
5ml 200mM L-Glutamine - Gibco BRL (cat no : 25030-024) 

5ml Penicillin/Streptomycin (100U/ml Pen/1 Omg/ml Strep) - Sigma (cat no : P-7539) 
6.5ml 50mg/ml Geneticin - Gibco BRL (cat no : 10131-019) 



1 52 err 2 Ce!i Culture Fiask Tissue Culture Treated - Costar (cat no : 3151 ) 
Incubator set @ 37(C. 5% C02 humidified 

Labelling reagents 

Labelling Buffer : 

50mM NaHCOa pH 8.5 - Sigma (cat no : S6014) 
0.9% NaCI - Sigma (cat no : S5150) 

Elution Buffer 

50mM Tris-HCI pH 7.8 - Sigma (cat no : T2913) 

0.9% NaCI - Sigma (cat no : S5150) 
0.05% NaN3- Sigma (cat no : S8032) 

Donkey anti-sheep IgG - Sigma (cat no: S2763) 

Deifia Eu-[abe!iing kit - EG&G Waliac (cat no : 1244-302) 

PD-10 Sephadex G-25 pre-packed columns - Amersham Pharmacia (cat no : 17- 
0851-01) 

UV detector and tubing 
Collection tubes 
Spectrophotometer 

Assay Reagents 

Dilution / Wash 1 / Assay Buffer : 

500ml 1x Dulbecco's Modified Eagle's Medium (DMEM) with 3.7g/l sodium 
bicarbonate without L-glutamine - HyQ Reagents, HyClone (cat no : B-7501-L) 
50ml foetal calf serum (PCS) - PAA Laboratories, Austria (cat no : A1 5-041) 

Wash 2 Buffers 

1) Wash concentrate (x25) - EG&G Wallac (cat no : 1380-0865/R) 
dilute 1 25 with double distilled water 

Dulbecco's PBS - Gibco BRL (cat no : 14190-094) 

Enhancement 

Enhancement solution - EG&G Wallac (cat no : 1244-104) 
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sCD4 (human recombinant T-ceil) - ImmunoDiagnostics inc (cat no : 7001) 
M-Tropic BaL sgp120 produced in-house 

Sheep anti-HIV-1 gp120 antibody (anti C terminal) - Aaito Bio Reagents Ltd, Ireland 
5 (cat no : D7324) 

Eu3+ labelled donkey anti-sheep IgG - produced in-house as below 

MIP-1 a, b or RANTES -R&D Systems (cat no : 270-LD-010, 271-BM-010 and 278- 

RN-010) 

DMSO tissue culture grade - Sigma (cat no : D-2650) 
10 Biocoat Cell Environments Poly-D-Lysine 96-well black/clear plates - Becton 
Dickinson (cat no : 6640) 
Haemocytometer Counting Chamber 

Multichannel Pipettes - Labsystems Finnpipette (cat no : 4510-000/020/030/040/050) 
Pipette Tips - Radleys ABT Aerosol Barrier Tips (cat no : ABT-20/1 00/2000/1 000) 
15 Reagent Reservoirs for multichannel pipettes - Costar (cat no : 4870) 
DELFiA Fluorometer (cat no : 1234-001) 

Procedure 

20 Cell Culture 

MIP34.10 cells supplied by Cell Biology are cultured in 162cm2 cell culture flasks to a 
confluency between 50-70% in the above growth medium @ 37(C for 2-3 days in the 
humidified incubator. 

25 

The cells are grown at low density because of their clumpy nature and a tendency to 
lose their receptor at full confluency. 

For cell passage, 5ml of cell dissociation solution (non-enzymatic) is added to a 1x 
30 washed (PBS) 162cm2 flask of cells, the flask rapped on the side to dislodge the 
cells and split according to usage, usually 1:5 or 1:10 will give sufficient cells for use 
within 2 -4 days. 

Each 162cm2 flask used for the TR-FIA assay is washed once in 20ml PBS and 5ml 
35 cell dissociation solution (non-enzymatic) added, the flask is again rapped on the 
side to dislodge the cells. 



The ceils are placed into a 50ml centrifuge tube and 10-20nil assay bufferl icare 
hould be taken not to overdilute or the cells will need to be soun down and 
resuspended in a smaller volume) is added into the flask to wash any residual cells 
out and then combined in the centrifuge tube. 

The cells are gently shaken and then counted in a haemocytometer (do appropriate 
dilutions to enable a count). 

Dilute the cells to a density of 1x106 ceils/ml and plate lOOmM into every well of the 
poiy-D-Lysine plates and incubate overnight @ 37(C in the humidified incubator. 

Eu^* Antibody Preparation 

Add 500ml of labelling buffer to the anti-sheep IgG to solubilize and transfer to the 
Eu-labelling reagent vial, mix thoroughly and incubate overnight at 28(C 

To purify, equilibrate a PD-10 column with 3x the void volume of elution buffer, add 
the reaction mix and rinse the labelling vial with a small volume of elution buffer and 
elute. 

Monitor the eluate by UV absorbance at 280nm, collect 1-2ml fractions. 

Pool the protein peak fractions and measure the Eu^^ concentration. 

Eu^* Content : serially dilute above with enhancement solution from kit (1E-04 - 1E- 
06) and compare to the fluorescence of InM Eu"^* standard supplied in the kit. 

Protein Content : calculated from the measured absorbance at 280nm after 

subtracting the absorbance of the formed aromatic thiourea bonds. 

Calculations 

Eu^* mM = (Eu counts x dilution factor) / (1000 x counts of Eu standard) 
Protein mg/ml = (Abs (280) - 0.008 x Eu mM) / 1.34 
Protein mM = (protein mg/ml x 1000000) / 160000 



Yield = Eu mM / protein mM 

Recovery = ^00 x protein mg/ml x volume effraction ml / protein added mg 
Compound Preparation 

Solubilize 1mg compound in DMSO to a final concentration of 10mM. 

2) Mix well to solubilize compound, Vortex for 10 seconds or sonibath for 2-5 minutes 
if necessary. Make a record of compound solubility. 

Prepare a dilution series in assay buffer as necessary down at least 6 dilutions 
(recommended starting concn of 1(M). 

Chemokines, if used. MIP-1 a, MIP-1 b and RANTES are prepared in assay buffer 
alone. These are sticky proteins and care must be taken on preparing these. 10(g of 
lyophilised material is resuspended to give a final concentration of 10(M (sonibath for 
2 minutes) and dilution series prepared from this from 200nM down 6 three-fold 
dilutions. SP3 special tips are used for all dilutions (ABT aerosol barrier - see assay 
reagents above). 

Assay Protocol 

Add an equal mix of 36nM sCD4 (100mg/ml solution diluted 1/40 in assay buffer) and 
60nM gp120 (1/120 of Img/ml) and incubate on ice for 15 minutes. 

2) Wash the overnight plates in 100(1 wash 1 buffer/well once. 

Add 20(1 compound or control chemokine except for the background control which is 
replaced with 40(1 assay buffer. 

Add 20(1 gp120 to each background control well and add 40(1 of the sCD4/gp120 
complex to each well with compound and reaction control except for the background 
control wells. 



Each mixture contains 



Reaction control : 20(1 assay buffer 

40(1 gp120/sCD4 complex 

Compound reaction : 20(1 compound dilution 

40(1 gp120/sCD4 complex 

Standard reaction : 20(1 MIP-1 a, MIP-1 b or RANTES dilution 

40(1 gp120/sCD4 complex 

Background control : 40(1 binding buffer 

20(1 gp120 

Incubate the 96 well plates @37{C on a rocking platform for 60 minutes. 
Empty the plate, blot and wash with 100(l/we!l wash 1 buffer once. 

7) Add 100(l/well of a 1/50 dilution of the sheep anti-HIV-1 gp120 antibody to each 
well and incubate @RT for 90 minutes with rocking. 

8) Empty the plate, blot and wash with 100(l/well wash 1 buffer once. 

9) Add 100(l/well of a 1/1000 dilution of the Eu3+ labelled donkey anti-sheep IgG 
antibody to each well and incubate @RJ for 15 minutes with rocking. 

10) Empty the plate, blot and wash with 100(l/well wash 2 buffer once. 
Empty the plate, blot and wash with 100(l/weil PBS buffer 2x. 

12) Empty the plate, blot and add 200(l/well enhancement solution and vortex for 2-3 
minutes. 



13) The plates are read in a DELFIA 1234 Fluorometer, plates should be read 
between 15 and 60 minutes. 



Data Analysis 



Ail calculations are performed in Microsoft Excel or Genesis (Lab Systems version 
2.12). 

1) Averages and standard deviations of the replicates are computed, along with CVs. 

5) An IC50 value is generated by a four point logistic sigmoid curve fit using XL 
software. 

COMPOUNDS TESTED 

Compounds of the type described above were tested in accordance with the present 
invention and were found to be effective in accordance with the present invention - 
i.e. they can modulate the interaction of CCR5 with gp120. In addition, we found that 
activity in the described assay correlates well with potency against HIV in 
microculture assays referenced above. 



All publications mentioned in the above specification are herein incorporated by 
reference. Various modifications and variations of the described methods and system 
of the present invention will be apparent to those skilled in the art without departing 
from the scope and spirit of the present invention. Although the present invention 
has been described in connection with specific preferred embodiments, it should be 
understood that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for carrying out 
the invention which are obvious to those skilled in biochemistry and biotechnology or 
related fields are intended to be within the scope of the following claims. 
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SEQUENCE LISTINGS 



CCR5 



KW Hun^.ar. Cys - Cys chen^.ckir.e receptor 5; CCR5 ; hurr.an i~t.U" ode f i cie- c 
virus; type 1; type 2; h;*/-!; HIV- 2; diagncsis; treat~er.t ; 
prevention; inf la-r:^.atory disease; rheuT.atoid arthritis; 

10 glomerulonephritis, asthma; idiopathic pulmonary fibrosis; psoriasis 
viral infection; cancer; atherosclerosis; autoim.m/une disorder; ss. 
OS Hom.o sapiens . 

F H K e 1 o c a 1 1 c n /'' Q u a 1 i f i e r s 

15 

SQ Seq-aence 1477 3?; 374 A; 349 C; 320 G; 431 T; 3 other 

gaat: t ccccc aacagagcca agctcrccac ctagcggaca gggaagccag cagcaaacz- 53 

t.ccct'zcacc acaaaac^tc attgctrggc caaaaagaga gtcaatic^aa cgtiagaca^c 12 C: 

10 rat:g!:aggca ai"iaaaaacc tattgaigtia tiaaaacagtt tgcactcatg gagggcaa.i li : 

aaacacacrc raggacfzta caaaagacca cttcttaCwt acgca-aggg cggaacaaga 24 0 

rggattatca agtgtcaagt ccaacctatg acatcaatca tcatacarcg gagccctgcc 30C 

aaaaaatcaa tgtgaagcaa arcgcagccc gcczcc':.:^cc ^iccgczczac tcactggtgt 3 5: 

tcatctccgg tt^ngcgggc aacangctgg tcatccccac cctgaraaac tgcaaaaggc 42C 

2^ tigaagagcac gactgacatc tacctgctca acctggccac ctccgacctg ttttccc::^^ 4 3: 

rtactgtccc ct-ctgggct cactatgctg ccgcccagtg ggact::tgga aatacaatgt 54: 

gticaactctt ga c aggg etc rattttacag gczzcztczc iiggaatcrrc ttcatcatcc cCC 

ccctgacaac cgat:aggt:ac ctggctgtcg tccatigctgt gtttg^rtca aaagccagga 56C 

cggtcacct" tggggtggtg acaagtgtga tcacttgggc ggtggccgr^g cttgcgtc-c "23 

30 !:cccaggaat caictttacc agatctcaaa aagaaggtct tcattacacc tgcagctcrc 730 

anttitccaca cagccagnan caatirictigga agaatctcca gacaciaaag atagtca'ct 340 

tiggggctgg!: cctgccgctg cttgtcaCgg tcatctgcta ctcgggaatc ctaaaaactc 900 

tgcttcggtg tcgaaatgag aagaagaggc acagggctgt: gaggc-catic ttcaccati-a 960 

cgat tgntica zzzzczczzc ngggcticccn acaacatngt cczzczcczg aacacczzzz 1020 

35 aggaactctt tggcctgaac aattgcag::a gctctaacag gttggaccaa gctatgcagg 1030 

t:gacagagac tcttgggatg acgcact:gct: gcatcaaccc catcatctat gcctttgtzg 1140 

gggagaagrt cagaaactrac c^cizagzcz tcttccaaaa gcacattgcc aaacgctrc- 1200 

gcaaatgccg tcccattccc cagcaagagg ctcccgagcg agcaagctca gcttacaccc 1263 

gatzccactgg ggagcaggaa atiacctgcgg gctcgtgaca cggacccaag tgggctggrg 1320 

40 acccagtcag agttgtgcac atggcttagt tttcatacac agcctigggcr gggggtnggr 1330 

::ggr.r.gaggt ctictirtitaaa aggaagnrac tgtnacagag ggnctaagat: Zcazccazzz 1440 

act:t:ggcar.c t.gt:t:"aaag" agattagatic cgaactic 14"""" 



SQ SEQUENCE 3 52 AA ; 4 0524 >W ; 7S6lrEA5 CRC3 2; 

45 MDYQvsspiY DI^^l^fTSEPC qp:inv:<qiaa rllpplyslv fi egf^/gn'T'IL vilili:;c>ir 

LKSMTDIYLL NLAISOLFFL L'P/PFWAH^i^A AAQWDFGNTM CQLLTGLYFI GFFSGIFFII 

LLTIDRYLAV VHAVFALfLAR TVTFGWTSV ITW^/VAVFAS LPGIIFTRSQ KEGLKYTCSS 

HFPYSQYQFW KNFQTLKIVI LGL'.^PLLVM VICYSGILKT LtRCR^JEKrCR HRAVRLIFTI 

MI'/YFLFWAP '^NIVLLLNTF QEFFGLNNCS SS>nR.LDQAMQ VTETLGMTHC CINPIIYAF'/ 

50 GEKFR^ri'LLV FFQKHIArlRF CKCCSIFQQE APERASS^v-YT RSTGEQEISV GL 



gpi20 



Gpi20 Sequences. IMV-l DaL strain 

>:'ac l5ot:ide 

acgga::gcaatgaagagagggctcrgctgt:gtgctgc::gccgt:gt:ggagcagt:ct:t:cgct:rcggct:agc 
gtagaaaacttgtgggtcacagtttattacggggtaccogtgtggaaagaagcaaccaccactctatct 
tgtgcac ragatgctaaagcatatgatacagaggtacatiaatgtttgggccacacatgc^tgtgtaccc 
acaga - c rcaaccca ::aagaagtagaattggaaaatgt:gacagaaaat tttaacatgtggaaaaataac 
a::ggt agaa::agacgrat gaggatataatcagtt tatigggatcaaagcctaaagccatgtgtaaaacta 
actccac::ctgtgt:tactttaaattgcactgatttgaggaatgctactaatgggaat:gacactaatac3 
act aat agtagcagggaaatgatggggggaggagaaatgaaaaattigct ct t tcaaaat: caccacaaa z 
ataagaggcaaggtgcagaaagaatatgcacttttttatgaacttgatatagtaccaatagataataat 
agtaataaragatataggttgataagttgtaacacctcagtcattacacaggcctgtccaaagatatc 2 
tttgagccaattcccatacattattgtgccccggctggttttgcgattctaaagtgtaaagataagaag 
ttcaatggaaaaggac ca tgt tcaaatgtcagcacagtacaatgtacacatggga t taggccagtagta 
tcaacccaactgctgttaaatggcagtctagcagaagaagaggtagtaattagatccgaaaatttcgcg 
gac aatg rtaaaa c cat aa tag nacagctgaatgaa t:c eg tagaaatcaac tgcacaagacccaaca a :: 
aatacaagaaaaagtatacatataggaccaggcagagcattatatacaacaggagaaataataggagat 
ataagacaagcacattgtaaccttagtagagcaaaatggaatgacactttaaataagatagttataaaa 
ttaagagaacaatttgggaataaaacaatagtctttaagcattcctcaggaggggacccagaaattgtg 
acgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaatagtacttgg 
aatgttactgaagagtcaaataacactgtagaaaataacacaatcacactcccatgcagaataaaacaa 
attataaacatgtggcagaaagtaggaagagcaatgtatgcccctcccatcagaggacaaattagatgt 
tcatcaaacattacagggctgctattaacaagagatggtggtcccgaggccaacaagaccgaggtctt c 
agacctggaggaggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaat t 
gaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagataa 

Amino -acid 
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aagaaagrgg 
aagaagagca 

cr t-tgggacc 
ac t vacate t 
acrgccaact: 
ccccctggt a 
gggaagaccc 
g" c t tgcaga 
aaggcct cca 
gccttt acag 
ticctcc tcca 
gc cacccagg 
caggcc ttgc 
ggaaagt t gc 
tcgacccgng 
aacaaggagg 
gggatgtggc 
g t t:c tgccca 



tgctgggcaa 
racaatticca 
caact aaagg 
aaggaaacc t 
gCgaagtigga 
wTigacaccca 
gtagcccct c 
tctccgtg-c 
accagaagaa 
gcanagtc ta 
t -gaaaagc t 
agt:ct:t:gga t 
accccaagct; 
c t cagcatgc 
a t caggaagt 
aggrgtgggg 
caaaggtctc 
agtgt ctgc t 
catggtccac 



aaaaggggan 
ctggaaaaac 
t ccatccaag 
z cccctgat c 
ggaccagaag 
cctgcttcag 
a gtgcaatgt 
" cagctggag 
ggtggagttc 
t: aagaaagag 
gacgggcagt 
cacctttgac 
ccagatgggc 
t ggctctgga 
g aacctggtg 

gaagcgggag 
gagtgactcg 
cccggttcat 



acagtggaac 
t ccaaccaga 
ctgaatgacc 
at caagaat c 
gaggaggtgc 
gggcagagcc 
aggagt ccaa 
ctccaggata 
aaaa tagaca 
ggggaacagg 
ggcgagctgt 
ctgaagaaca 
aagaagcticc 
aacctcaccc 
gtgatgagag 
cctaagc tga 
aaggcggtgt 
ggacaggtcc 
taa 



tgacctgcac 
t aaagattict 
gcgccgactc 
t taagat aga 
aat tgctagt 
tgaccc t gac 
ggggt aaaaa 
gtggcac"tg 
t cgtggt g"Ct 
tggagt tctc 
ggtggcaggc 
aggaagtgtc 
cgccccacct 
tggcccttga 
ccactcagc t 
cgctgag rcc 
gggtgctgaa 
tgctggaa t c 



agct t cccag 
gggaaat cag 
aagaagaagc 
agacicagat: 
gttcggatcg 
ct cggagagc 
catacagggg 
gaca tgcac w 
agct c t ccag 
ct tccca 3 1 c 
ggagagggct 
cgtaaaacgg 
caccctg 3CC 
agcgaaaaca 
ccagaaa aa t 
gaaactggag 
ccctgaggcg 
caacat caag 
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CLAIMS 

1. An assay method for determining whether an agent is capable of modulating 
5 the interaction of CCR5 with gp120; 

the method comprising: 

incubating the agent with CCR5 and gp120 to form a first reaction mixture; and 

10 

determining whether said agent modulates the interaction of CCR5 with gp120; 
wherein said gp120 is associated with CD4; and 
15 wherein said interaction is a low affinity binding. 

2. A method according to claim 1 wherein said method includes the step of 
adding a ligand to said first reaction mixture to form a second reaction mixture; 
wherein said ligand is capable of indicating whether said agent has modulated said 

20 interaction. 

3. A method according to claim 2 wherein said ligand has a detectable label. 

25 atom or a fluorescent group. 

5. A method according to claim 5 wherein said radioactive atom is Eu^"". 

6. A method according to any one of claims 2 to 5 wherein said ligand 
30 comprises at least a first antibody. 

7. A method according to claim 6 wherein said first antibody is capable of 
binding to gp120; and wherein said binding is high affinity binding, preferably wherein 
said first antibody is associated with a detectable label. 



8. A method according to claim 6 or claim 7 wherein said ligand comprises at 
least a second antibody. 



9. A method according to claim 7 wherein said second antibody is capaole of 
binding to said first antibody. 

10. A method according to claim 9 wherein said second antibody is an anti-IgG 
antibody. 

11. A method according to any one of claims 8 to 10 when dependent on ciaim 3 
wherein said detectable label is associated with said second antibody. 

12. An agent identified by the method according to any one of claims 1 to 1 1 , 
wherein said agent is capable of modulating the interaction of CCR5 with gp120. 

13. A process comprising the steps of: 

(a) performing the assay according to any one of claims 1 to 1 1 ; 

(b) identifying one or more agents that are capable of modulating the interaction 
of CCR5 with gp120; and 

(c) preparing a quantity of those one or more identified agents. 

14. A method of affecting the in vivo interaction of CCR5 with gp120 with an 

agsnt; 

wherein the agent is capable of modulating the interaction of CCR5 with gp120 in an 
in vitro assay method; 

wherein the in vitro assay method is the assay method defined in any one of claims 1 
to 11. 

15. Use of an agent in the preparation of a pharmaceutical composition for the 
treatment of a disease or condition associated with the interaction of CCR5 with 
gp120, wherein the agent is the agent of claim 12 and/or wherein the agent is 
capable of modulating the interaction of CCR5 with gp120 when assayed in vitro by 
the assay method according to any one of claims 1 to 1 1. 



16. A method of treating a subject with an agent, wherein the agent is the agent 
of claim 12 and/or wherein the agent is capable of modulating the interaction oT 
CCR5 with gp120 when assayed in vitro by the assay method according to any one 
of claims 1 to 11 . 



PS 



ABSTRACT 

METHOD 

^ 

An assay method tor determining whether an agent is capable of modulating the 
interaction of CCR5 with gp120 is disclosed. The method comprises incubating the 
agent with CCR5 and gp120 to form a first reaction mixture; and determining whether 
said agent modulates the interaction of CCR5 with gp120; wherein said gp120 is 
10 associated with CD4. In particular, the interaction is a low affinity binding. 
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CCR5 MODULATORS 

This invention relates to new chemical compounds. These compounds find particular 
but not exclusive use as pharmaceuticals, especially as CCR5 modulators. 

5 This invention also relates to formulations or dosage forms including these 

compounds, to use of these compounds in manufacture of pharmaceutical formulations or 
dosage forms and methods of treatment, especially treatment of anti-inflammatory diseases 
and conditions and in the treatment and prevention of HIV-1 and genetically related retroviral 
infections. 

10 The compounds of the present invention are modulators, especially antagonists, of 

the activity of chemokine CCR5 receptors, particularly those which occur on the surfaces of 
certain cells within the human body. Modulators of CCR5 receptor may be useful in the 
treatment and prevention of various inflammatory diseases and conditions, and in the 
treatment and prevention of Infection by HIV-1 and genetically related retroviruses. 

15 The name "chemokine", is a contraction of " chemo tactic cyto kines ". The chemokines 

comprise a large family of proteins which have in common important structural features and 
which have the ability to attract leukocytes. As leukocyte chemotactic factors, chemokines 
play an indispensable role in the attraction of leukocytes to various tissues of the body, a 
process which is essential for both inflammation and the body's response to infection. 

20 Because chemokines and their receptors are central to the pathophysiology of inflammatory 
and infectious diseases, agents which are active in modulating, preferably antagonizing, the 
activity of chemokines and their receptors, are useful in the therapeutic treatment of such 
inflammatory and infectious diseases. 

The chemokine receptor CCR5 is of particular importance in the context of treating 
25 inflammatory and infectious diseases. CCR5 is a receptor for chemokines, especially for the 
macrophage inflammatory proteins (MIP) designated MIP-1a and MIP-ip, and for a protein 
which is regulated upon activation and is normal T-cell expressed and secreted (RANTES). 
The relationship between modulators, especially antagonists of CCR5 activity and therapeutic 
usefulness in treating inflammation and HIV infection, and the manner in which such a 
30 relationship may be demonstrated, is explained in more detail further below. 

There is ongoing in the art a substantial investigation of different classes of 
modulators of chemokine receptor activity, especially that of the CCR5 chemokine receptor. A 
representative disclosure is Mills et a/. WO 98/25617 relating to substituted aryl piperazines as 
modulators of chemokine receptor activity. However, the compositions described therein are 
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not the same as, nor suggestive of those of the present invention. Further disclosures are: 
WO 98/025605; WO 98/025604; WO 98/002151; WO 98/004554; and WO 97/024325. 

The present invention relates to compounds which may be conveniently considered to 
have four independently vanable regions, reading from the left-hand side to right-hand side of 
5 said compound: Region a, Region P, Region Y, and Region^, of Formula (I): 

[Region Cx] " [Region P] " [Region Y] " [Region 5] (0 

and pharmaceuticaliy acceptable salts and prodrug derivatives thereof. The 
10 compounds of the present invention may be selective CCR5 receptor antagonists and are 
non-peptidyl in structure. 

The compounds as exemplified by Formula (I) may contain one or more stereogenic 
centers and the present invention includes the recited compounds in both their separated and 
their unseparated forms. The separated forms can be obtained by conventional means, e.g.. 

15 by asymmetric synthesis, by using high performance liquid chromatography employing a chiral 
stationary phase, or by chemical resolution via the formation of suitable salts or derivatives. It 
will be understood that the separate optically active forms of the compositions of the present 
invention, as well as racemic mixtures thereof, will usually vary with respect to their biological 
properties because of the chirality-dependent conformation of the active site of an enzyme, 

20 receptor, etc. 

The description which follows provides details of the particular moieties which 
comprise each of said Regions- In order to present said details in an orderly and space-saving 
fashion, each major group in each Region is set out with a single dash (" - and each 
successive subdivision within each said group is set out in turn with two, three, etc. dashes as 
25 required. 

In this specification and claims a reference to a range or class of groups for example 
(CrC3)alkyl is to be understood as an express disclosure and reference of each member of 
the range or class, including isomers. 

According to the present invention there is provided a compound of Formula (I); 

30 [Region a] - (Region P] " [Region Y] - [Region 6] (0 

wherein 

[R«gion ot] is selected from the group consisting of: 
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-A. Aryi heterocyclyi substituent components connphsing: 

-1. hetero-phenylmethylene moieties of partial Formula (1.0.0): 




m 



rA 




N [N] 




(1.0.0) 



5 —wherein: the symbol " * " indicates the point of attachment of the moiety of partial Formula 
(1.0.0) to Region P. 35 hereinafter defined; 



and -S(=0)p-; where: 

— R"* is hydrogen or (Ci .C2)alky!; 

10 — R® is a member selected from the group consisting of hydrogen; (Ci .C2)alkyl; 
(Ci .C2)alkoxy; -CN; -OH; and -C(=0)NH2; 

-— jis an Integer selected from 0, 1, and 2; 

—m is an integer selected from 0, 1 , and 2; 

—R^ and R® are each a member selected from the group consisting of -F; -CI; -CO2R'*; 

15 -OH; -ON; -CONR^R^; -NR^rV; -NR'aC(=0)R'b; -NR^C(=0)OR^; -NR'aS(=0)pR\; 
-S(=0)pNR%R^: (Ci ,C4)alkyi, and (Ci .C4)aikoxy wherein said alkyl and alkoxy are each 
substituted with 0 to 3 substituents Independently selected from F and CI; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and (Ci .C2)aIkylcarbonyloxy; where: 

— p Is an integer selected from 0, 1, and 2; 

20 — R\ and R^ are each independently selected from hydrogen and (Ci -C2)alkyl; 

—the moiety represented by partial Formula (1.0.1): 



__r5 is a member selected from the group consisting of a direct bond; -0-; -C(-O)-; -NR'*-; 




(1.0.1) 
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in partial Formula (1.0.0) represents a monocyclic heterocyclic group, or a bicyclic 
benzo-fused ring system containing said heterocyclic group wherein said heterocyclic 
group contains a total of 5- or 6- members of which one or two of said members Is 
nitrogen, the presence of the optional second nitrogen atom being represented by: "[N]"; 
5 wherein said heterocyclic group or ring system are selected from the group consisting 

of pyrrolyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; pyrimidinyl; pyridazinyl; piperazinyl; 
indolyl; indazolinyl; benzimidazolyl; quinolinyl; /so-quinolinyi; and quinazoiinyi; wherein: 

— R^^a is a member selected from the group consisting of hydrogen; F; CI; -C02R^ oxo; 
-OH; CN; NH2; NH(Ci -C2)alky!; N(Ci -C2)2diaikyl; -CF3; (Ci .C4)alkyi; (C2 .C4)alkenyl; 
10 (Ci .C4)alkoxy; (C3 ,C7)cycloalkyl; and phenyl; wherein said alkyi, alkenyl, alkoxy, cycloaikyi 

and phenyl are substituted with 0 to 2 substituents where: 

R^ is a member independently selected from the group consisting of F; CI; -COzR"*; -OH; 

cyano; -CONR^R^; -NR^rV. -NR^C(=0)R\; -NR\C{=0)0R\\ -NR'aS{=0)pR\; 
-S(=0)pNR'*aR'*b; (Ci .C4)alkyl including dimethyl, and (Ci .C4)alkoxy wherein said alkyI 
15 and alkoxy are each independently substituted with 0 to 3 substituents independently 

selected from F and CI; (Ci .C2)alkoxycarbonyl; (Ci .C2)a!kylcarbonyl; and 
(Ci .C2)alkylcarbonyloxy; and 

— R^^b is absent or is a member selected from the group consisting of hydrogen; 
(Ci .C4)alkyl; (C2 .C4)alkeny!; (Ci .C2)alkoxy; (C3 .C7)cycloalkyl; and phenyl; wherein said 
20 alkyI, alkenyl, alkoxy, cycloaikyi and phenyl are substituted with 0 to 2 substituents R^ 

wherein R^ has the same meaning as above, except that it is selected independently 
selected therefrom; and 

2. hetero-phenylmethylene moieties of partial Formula (1.1.0): 




25 (1-1.0) 

—wherein: the symbol " * "; R^; R^ R^ R^ j and m are as defined further above, except that 
all of the above-recited substituents are selected independently of their selection above; 

—the moiety represented by partial Formula (1.1.1): 
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(1.1.1) 

in partial Formula (1.1.0) represents: 

— a. a monocyclic heterocyclic group containing a total of 5 or 6 members of which one 
5 said member is nitrogen and Q is selected from O and S where said S may optionally be 

in the sulfonate form, -S(=0)2; wherein said heterocyclic group is selected from the group 
consisting of oxazolyl; oxazolidinyl; /soxazolyl; thiazolyl; thiazolidinyl; /so-thiazolyl; 
morpholinyl; and thiomorpholinyl; or 

— b, a monocyclic heterocyclic group containing a total of 5- or 6- member s of which two 
10 said members are nitrogen and a third or fourth said member is independently selected 

from N, O, and S where said S may optionally be in the sulfonate form, -S(=0)2; wherein 
said heterocyclic group is selected from the group consisting of triazoiyi; triazinyl; 
tetrazolyl; oxadiazolyl; thiadiazolyl; and 

— is selected from the group consisting of hydrogen; F; CI; -C02R^; oxo; -OH; CN; 
15 NH2; NH(Ci -C2)alkyl; N(Ci -C2)2dialkyl; -CF3; (Ci -C4)alkyl; (C2 .C4)alkenyl; (Ci .Csjalkoxy; 

(C3 .C7)cycloalkyl; and phenyl; wherein said alkyi, alkenyl, alkoxy, cycloalkyi and phenyl 
are substituted with 0 to 2 substituents R^^ where: 

R^^ is a member selected from the group consisting of F; CI; -CO2R'*; -OH; -CN; 

-CONR^R^; -NR^R't,; -NR\C(=0)R%; -NR\C(=0)0R\; -NR%S(=0)pR'b; 
20 -S(=0)pNR^R^; (Ci ,C4)alkyl including dimethyl, and (Ci .C4)alkoxy wherein said alkyI 

and alkoxy are each independently substituted with 0 to 3 substituents independently 
selected from F and CI; (Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and 
(Ci .C2)alkylcarbonyloxy; and 

— R^\ is a member selected from the group consisting of hydrogen; (Ci .C4)alkyl; 
25 (C2 .C4)alkenyl; (Ci .C2)alkoxy; (C3 -C7)cycloalkyl; C(=0)(Ci-C4)alkyI; S(=0)2(Ci-C4)aikyl; 

and phenyl; wherein said alkyl. alkenyl, alkoxy. cycloalkyi and phenyl are substituted with 0 
to 2 substituents R^^ wherein R" has the same meaning as in above, except that it is 
selected independently; 

-B. a (substituted)-amido-aryl or -heterocyclyl moiety selected from the group consisting of 
30 -1. alkyl-, alkenyl-, and alkynyi-substituted-amido-ary! moieties of partial Formula (2.0.0): 
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A 

■^5 



R — N 



R-/ 



(2.0.0) 

—wherein: the symbol " * and R^ are as defined above, except that all of the above- 
recited substituents are selected independently of their selection above; 

— A is a member selected from the group consisting of: 

— 1 . the moiety of partial Formula (2.0.3) 




(2.0.3) 

wherein: the symbol R^; R^ and m are as defined above, except that all of the above- 

10 recited substituents are selected independently of their selection above; and the symbol: 

" * " indicates the point of attachment of the moiety A to the, remaining portions of partial 
Formula (2.0.0); 

— 2. the moiety of partial Formula (2.0.4) 

15 (2.0.4) 

which represents a monocyclic heterocyclic group, selected from the group consisting 
of pyrrolyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; pyrimidinyl; wherein: the symbol R^^a and 
R'^b are as defined above, except that all of the above-recited substituents are selected 
independently of their selection above; and the symbol: " * " indicates the point of attachment 
20 of the moiety A to the other, remaining portions of partial Formula (2.0.0); 

— 3. the moiety of partial Formula (2.0.5) 
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5 



10 



15 



20 



which represents 

a. a monocyclic heteroaromatic group containing a total of 5- mennbers of which one 

said member is nitrogen and Q is selected from O and S where said S may optionally be 
in the sulfonate form, -S(=0)2; selected from the group consisting of oxazolyl; /soxazolyl; 
thiazolyl; and /so-thiazolyl; or 

b. a monocyclic heterocyclic group containing a total of 5- or 6- members of which two 

said members are nitrogen and a third or fourth said member is independently selected 
from N, O, and S where said S may optionally be in the sulfonate form, -S(=0)2; selected 
from the group consisting of triazolyl; triazinyl; tetrazoiyi; oxadiazolyl; and thiadiazolyl; and 
wherein: the R^^, and j are as defined above, except that all of the above- 
recited substituents are selected independently of their selection above; and the symbol: 
" * " indicates the point of attachment of the moiety A to the other, remaining portions of 
partial Formula (2.0.2); 

— R^a is a member selected from the group consisting of a direct bond; -C(=0)-; and 
-S(=0)2-; 

— is (1.) a direct bond; (2.) in the case where R^ is -C(=0)- or -S(=0)2, is a direct bond 
or -(Ci -C3)alkylene- wherein any single carbon atom thereof is substituted by 0 to 2 
substituents R^^ where R^^ is a member selected from the group consisting of -F; -CI; 
-COzR^ -OH; -CN; (Ci -C4)alkoxy; (C3 -C7)cycloalkyl; and phenyl; wherein said alkoxy, 
cycloalkyi, and phenyl are substituted with 0 to 2 substituents R^\ wherein said R^^ is as 
defined above, except that all of the above-recited substituents are selected independently 
of their selection above; or (3.) is a member independently selected from the group 
consisting of the moieties of partial Formulas (2.0.6) through (2.0.16), inclusive: 



O 



O 



25 





(2.0.6) 



(2.0.7) 



(2.0.8) 
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(2.0.12) (2.0.13) (2.0.14) (2.0.15) (2.0.16) 



5 — wherein: the symbol: "->" indicates the point of attachment of the moiety to the nitrogen 
atom in partial Formula (2.0.0), and the symbol: " *" indicates the point of attachment of 
the moiety to the other, remaining portions of partial Formula (2.0.0); and R"^ is as 
defined further above, but selected on an independent basis; 

R^^ is selected from the group consisting of hydrogen and (Ci-C4)alkyl; and 

10 — R^^and R^® are each selected from the group consisting of -OH; (Ci .C2)alkyl substituted 
by 0 to 3 substituents selected from F; and OH; and (Ci .C2)alkoxy; and 

— R^^ is selected from the group consisting of (Ci .C6)alkyl; (C2 -C6)alkenyl; and 
(C2 .C6)alkynyl; wherein said alkyi, alkenyl, and alkynyl groups comprising R^'' are 
substituted with 0 to 3 substituents R^^ where: 

15 — R^® is selected from the group consisting of phenyl; F or CI; 0x0; hydroxy; (Ci .C2)aikyl; 

(Ci .C3)a!koxy; -C(=0)0R'^ -C(=0)(Ci-C4)alkyl; -S(=0)2(Ci-C4)alkyl; -C(=0)NR^R^; 
-NR''r'°; -NR'^C(=0)R'°; -NR'^C(=0)0R^; -NR''S(=0)pR'°; and -S(=0)2NR''r^. where: 

R^^ and R^° are each a member independently selected from the group consisting of 

hydrogen and (Ci .C4)alkyl substituted by 0 to 3 substituents selected from the group 
20 consisting of F and CI; 

-2. cycloalkyl-substituted-amido-aryl moieties of partial Formula (2.1.0): 



A 




(2.1.0) 
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— wherein: A; W\ the symbol " * "; R"*; R^; and R® have the same meaning as set out above, 
except that all of the above-recited substituents are selected independently of their 
selection above; and 

— R^^ is a member selected from the group consisting of -(CH2)n-(C3 .C7)cycIoalkyl. where n 
5 is an integer selected from 0, 1, and 2; in the event n is 0, then the a-carbon atom of said 
(C3 .C7)cycloalkyl is substituted by 0 or 1 (Ci .C4)aikyl or phenyl, where said alkyi or phenyl 
are substituted by 0. 1 , or 2 of CH3, OCH3. OH or NH2; and in the event that n is 1 or 2, the 
resulting methylene or ethylene is substituted by 0 or 1 of F; NH2; N(CH3)2; OH; OCH3; 
(Ci .C4)alkyl; or phenyl; where said alky! and phenyl are substituted by 0, 1. or 2 of CH3, 
10 OCH3, OH, and NH2; and further wherein said (C3 -C7)cycloaikyl is substituted by 0 to 3 
substituents R^® where R^® is as defined further above, but selected independently 

"3. aryl and heterocyclic-substituted-amido-aryl moieties of partial Formula (2.2.0): 



A 




15 —wherein: A; w\ the symbol: " * "; R^ R\; and R® have the same meaning as set out above, 
except that all of the above-recited substituents are selected independently of their 
selection above; and 

—R^^ is selected from the group consisting of phenyl; furyl; tetrahydrofuranyl; 
tetrahydropyranyl; oxetanyl; thienyl; pyrrolyl; pyrrolidinyl; oxazolyl; isoxazolyl; thiazolyl; 
20 isothiazolyl; imidazolyl; pyrazolyl; oxadiazolyl; thiadiazolyl; triazolyl; pyridyi; pyrazinyl; 
pyridazinyl; piperaziny!; pyrimidinyl; pyranyl; azetidinyl; morpholinyl; parathiazinyl; indolyl; 
indolinyl; benzo[/)]furanyl; 2;3-dihydrobenzofuranyl; benzothienyl; 1 H-indazolyl; 
benzimidazolyl; benzoxazoly!; benzisoxazolyl; benzthiazolyl; quinolinyl; isoquinolinyl; 
phthalazinyl; quinazolinyl; and quinoxalinyl; wherein (1.) said group R^ may be substituted 

28 28 • 

25 upon any one or more carbon atoms thereof by 0 to 3 substituents R where R is as 
defined above, except that it is selected independently; (2,) said group R^^ is substituted 
with respect to any one or more nitrogen atoms thereof that is not a point of attachment of 
said aryl or heterocyclic moiety, by 0 to 3 substituents R^\ where R^\is as defined above, 
except that it is selected Independently; and (3.) said group R^^ with respect to any sulfur 
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atom thereof that is not a point of attachment of said heterocyclic moiety, ts substituted by 
0 or 2 oxygen atoms; 



[Region P] is an alkyi bridging element of partial Formula (3.0.0): 



5 (3.0.0) 
wherein: 

is a symbol which represents the point of attachment of the moie^y of partial 
Formula (3.0.0) to Region ct; 

-"-> " is a symbol which represents the point of attachment of the moiety of partial Formula 

10 (3.0.0) to Region?: 

-R'^ and R'*^ are both selected from the group consisting of hydrogen; (C1-C2) alkyl 
including dimethyl; hydroxy; and (C1-C3) alkoxy; 

[Region y] 's an aza-monocycNc moiety of partial Formula (4.0.0): 

^45 




15 (4.0.0) 
—wherein: 

* " is a symbol which represents the point of attachment of the moiety of partial Formula 
(4.0.0) to Region P of the compound of Formula (I); 

is a symbol representing a covalent bond attaching any carbon atom of said aza- 
20 monocyclic moiety of partial Formula (4.0.0) to Region S; 

-the moiety of partial Formula (4.0.1): 

N 

p46X 

(4.0.1) 

in partial Formula (4.0.0) represents a monocyclic heterocyclic group containing a total of 
25 from 4- to 7-members of which one said member is nitrogen, wherein said heterocyclic 




group is a member independently selected from the group consisting essentially of 
azetidinyl; pyrrolidinyl; piperidinyl; and azepinyi; 

-R'*^ is absent or is a member independently selected from the group consisting essentially 
of (Ci .C4)alkyl Including dimethyl; (C3 .C6)cycioalkyl; (Ci .C4)aikoxy; (Ci-C2)alkoxy(C1- 
C2)alkyl; CF3; -COsR"^ where R"* Is as defined further above; 0x0; -OH; cyano; 
-C(=0)NR^r\; -NR^rV -NR\C(=0)R\; -NR'aC(=0)OR^: -NR'aS(=0)pR\; 
-S(=0)pNR'*aR^; (Ci .C2)alkoxycarbonyl; (C^ .C2)alkylcarbonyl; (Ci .C2)alkylcarbonyioxy; and 
(Ci .C2)alkoxy(Ci .C2)alkyl; it being understood that in the moiety of partial Formula (4.0.0) 
R"^^ is a substituent attached to a single carbon atom thereof; where: 

— R'^a and R'^b are each independently selected from hydrogen and (Ci .C2)alkyl; 

-R"*^ is absent or is a member independently selected from the group consisting essentially 
of hydrogen; and (Ci .C4)alkyl substituted by 0 or 1 substituent independently selected from 
(Ci .C2)aIkoxy and -CO2R'* where R"^ is as defined further above; and -*0; it being 
understood that in the case where substituent R"*^ is chosen to be other than absent, that it 
results in said nitrogen atom and said moiety of partial Formula (4.0.0) being in quaternary 
form; 

[R«gion S] is a (substituted)-heterocyclyl moiety selected from the group consisting 

of: 

-1 . a heterocyclyl moiety of partial Formula (5.3.0): 

I" 

(5.3.0) 

-wherein: the symbol: " * " indicates the point of attachment of partial Formula (5.3.0) to 
Region y; Q is N, O or S and 

-partial Formula (5.3.0) represents: 

— a. a monocyclic heterocyclic group containing a total of 5- members of which one said 
member is nitrogen and a second said member is selected from O and S where said S may 
optionally be in the sulfonate form, wherein said heterocyclic group is selected from the group 
consisting of oxazolyl; /soxazolyl; thiazolyl; and /so-thiazolyl; or 

— b. a monocyclic heterocyclic group containing a total of 5- members of which two said 
members are nitrogen and a third or fourth said member is independently selected from N. O, 
and S where said S may optionally be in the sulfonate form, -S(=0)2; wherein said heterocyclic 
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group is independently selected from the group consisting of triazolyl; triazinyl; tetrazolyl; 
oxadiazolyl; and thiadiazoly!; and 

--R^a and R^b are each a member independently selected from the group consisting of 
hydrogen. -(Ci .C2)aIkyIcarbonyl; -(Ci .C4)alkyl; -(CH2)r>-(C3 .C7)cycloalkyl; -(C2 .C3)alksnyl; 
5 -(CH2)r>-(phenyl); and -(CH2)rv{HETi), where n is an integer independently selected from 0, 1, 
and 2; wherein said (Ci .C4)alky!, alkenyl, cycloalkyi, phenyl, and HETi groups are 
independently substituted with 0 to 3 substituents where: 

— j has the same meaning as set forth above, but is selected on an independent basis 
therefrom; 

10 — HETi is a heterocyclyl group selected from the group consisting of thienyl; oxazolyl; 
isoxazolyl; thiazoiyi; isothiazoiyl; pyrazolyl; oxadiazolyl; thiadiazolyl; triazolyl; pyridyl; pyrazinyl; 
pyridazinyl; pyrimidinyl; parathiazinyl; and morpholinyl; where: 

— R®^ is selected from the group consisting of -F; -CI; "CO2R'*; -0x0; -OH; -CN; 
-CONR^'R^; -NR^^R^; C(=0)(Ci-C4)alkyl; -NR''C(=0)R^; -NR^'C(=0)OR^; -NR^^S(=0)R^; 
15 -S(=0)NR^^R^; (Ci .C4)alkyl, and (Ci ,C4)alkoxy wherein said alkyi and alkoxy are each 
independently substituted with 0 to 3 substituents independently selected from F and CI; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbony!; and (Ci .C2)alkylcarbonyloxy; wherein: 

R^^ and R^ are each a member independently selected from the group consisting of 

hydrogen; and (Ci .C2)alkyi; and 

20 —2. a heterocyclyl moiety of partial Formula (5.4.0): 




(5.4.0) 

— wherein: R^a; R^b! and j have the same meanings as set out above, but are selected 
independently. 

25 Attention is drawn to our copending applications nos P60162WO and P60191 WO 

An important aspect of the present invention is the limitation to Region 5. The 
copending cases relate to alternative limitations of Formula (I). 

This invention also provides pharmaceutical formulations and dosage forms including 
as an active ingredient a compound of Formula I. Use of a compound of Formula I in 
30 manufacture of a formulation or dosage form and methods of treatment are also provided. 
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[Re^ion_jal is at the left-hand end of the CCR5 receptor nnodulator of the present 
invention. The region designated as Region a may comprise a moiety selected from several 
different classes of substituent components, all of which, however, are contemplated to be, 
and are preferably isosteres of each other. 

The first class of Region a substituent components (under A.) are heterocyclyl 
phenylmethylene moieties as described further below. A preferred group of heterocyclyl 
phenylmethylene moiety embodiments (under A.I.) comprises the group consisting of hetero- 
phenylmethylene moieties of partial Formula (1.0.0), 




rA 



(Ri2^)_N [N] 



(1.0.0) 

The substituent R^ is a member independently selected from the group consisting of 
a direct bond; -0-; -C(=0)-; -NR^-; and-S(=0)p-; where 

R"* is hydrogen or (Ci-C2)alkyl. 

15 The substituent R® is a member independently selected from the group consisting of 

hydrogen; (Ci .C2)alkyl; (Ci .C2)alkoxy; -C(=0)NH2; -CN; and -OH. Most preferably R^ is 
hydrogen and there is no substituent at this position. 

Included within the partial Formula (1.0.0) are position isomer variations thereof that 
are not shown, but that arise where the optional substituents R^ and R® are different 
20 Substituents R^ and R® are present once or twice or not at all, as indicated by their 
representation as: "(R^)m" and "(R®)m". where m is defined as being an integer selected from 0, 
1, and 2. In the most preferred embodiments of the present invention, m is 0, although in 
alternative embodiments m is 1. 

The substituents R^ and R® comprise -F; -CI; -COzR^ -OH; -CN; -CONR\r\: 
25 -NR^rV; -NR\C(=0)R^: -NR^C(=0)0R\: -NR'aS(=0)pR\; -S(=0)pNR\R\; (Ci .C4)alkyl 
including dimethyl, and (Ci .C4)alkoxy wherein said alkyi and alkoxy are each independently 
substituted with 0 to 3 substituents independently selected from -F and -CI; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and (Ci .C2)alkylcarbonyloxy. The substituents 
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R'^a and R**t,, in turn, are selected from hydrogen and (Ci .C2)a!ky!. With regard to the and 
R^ substituent groups, it is preferred that they are absent (m = 0); or that if they are present, 
that they be methyl; cyclopropyl. cyclobutyl; methoxy; -COOH; -OH; -F; -CI; -COO(Ci .C2)alkyl; 
or -CF3. Of these choices, the more preferred substituent choices for R^ and R^ are that they 
5 are absent or that they are -F or CI. 

R^ as defined by Formula (1.0.0) is preferably a direct bond. The moiety R^ may 
alternatively be selected from -0-; -C(=0)-; -NR"*- where R"* is hydrogen or (Ci-C2)alkyl; and - 
S(=0)p-. 

In partial Formula (1.0.0), the presence of substituent R^^a is determined by the 
10 subscript "j", which is an integer independently selected from 0, 1, and 2. Where j is 0, 
accordingly, the substituent R^^a will be absent. Where j is 1 or 2, there may be one or two 
substituents R^^a present, and these may be attached to any available carbon atom in partial 
Formula (1.0.0). 

R^^a is a member independently selected from the group consisting of hydrogen; -F; 

15 -CI; -CO2R'* where R"* is hydrogen or (Ci .C2)alkyl as already defined above; -0x0; -OH; -CN; 
-NH2; -NH(Ci -C2)alkyl; -N(Ci -C2)2Clialkyl; -CF3; (Ci .C4)alkyl; (C2 .C4)alkenyl; (Ci .C4)alkoxy; 
(C3 .C7)cycloalkyl; and phenyl; wherein said alkyi, alkenyl, alkoxy, cycloalkyi and phenyl groups 
are substituted with 0 to 2 substituents R^ wherein R^ is a member independently selected 
from the group consisting of -F; -CI; -COsR^ where R"* is hydrogen or (Ci .C2)alkyl; -OH; cyano; 

20 -CONR^R^; -NR^rV -NR'aC(=0)R\; -NR^C(=0)0R\; -NR\S(=0)pR\; -S(=0)pNR^RV 
(Ci .C4)alkyl including dimethyl, and (Ci .C4)alkoxy wherein said aikyi and alkoxy are each 
independently substituted with 0 to 3 substituents independently selected from F and CI; 
(Ci .C2)a!koxycarbonyl; (Ci .C2)alkylcarbony!; and (Ci ,C2)alkylcarbonyloxy. 

Where a R^^ substituent is present and consists of an alkyI, alkenyl, alkoxy, cycloalkyi 
25 or phenyl group, It may optionally be mono- or di-substituted in turn by a further substituent R^, 
which is independently selected from the above-recited groups. This includes in particular 
(Ci .C4)alkyl substituted with 1 to 3 substituents independently selected from F and CI. 
Accordingly, the substituent -CF3 Is a preferred definition of R^ in the compounds of partial 
Formula (1.0.0). 

30 The R^^ substituent is attached directly to the nitrogen atom of the heterocyclic group 

depicted in partial Formula (10.0), and its presence is determined by the subscript "j", which is 
an integer independently selected from 0, 1, and 2. Where j is 0, accordingly, the substituent 
R^^b is absent. In that case that the nitrogen atom is attached by a covalent double bond to an 
adjacent atom in the heterocyclic group depicted in partial Formula (1.0.0). Where j is 1 or 2, 

35 there will be one or two substituents R^\ attached to the nitrogen atom of the heterocyclic 
group depicted in partial Formula (1.0.0). Where two such R^^b substituents are attached, the 
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nitrogen atom is in quaternary form. The substituent R^^b is independently selected from the 
group consisting of hydrogen; (Ci .C4)alkyf; (C2 -C4)alkenyl; (Ci .C2)alkoxy; (C3 .C7)cycIoaikyl; 
and phenyl; wherein said alkyi, aikenyl, alkoxy, cycloalkyi and phenyl are substituted with 0 to 
2 substituents wherein R^ has the same meaning as in defined above, except that it is 
5 selected independently therefrom. 



represents a monocyclic heterocyclic group, or a bicyclic benzo-fused ring system containing 
10 said heterocyclic group wherein said heterocyclic group contains a total of 5- or 6- members of 
which one or two of said members is nitrogen, the presence of the optional second nitrogen 
atom being represented by: "[N]"; wherein said heterocyclic group or ring system is selected 
from the group consisting of pyn-olyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; pyrimidinyl; 
pyridazinyl; piperazinyl; indolyl; indazolinyl; benzimidazolyl; quinolinyl; /sc^quinolinyl; and 
15 quinazolinyl. 

N-containing heterocyclic moieties of partial Formula (1.0.0) result in some of the 
following preferred embodiments of Region a. represented by partial Formulas (1.0.4) through 
(1.0.10), inclusive: 



The group represented by partial Formula (1.0.1): 




(1.0.1) 




20 



(1.0.4) 



(1.0.5) 



(1-0.6) 



(1-0.7) 
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(1.0.8) (1.0.9) (1.0.10) 

A further group of N-containing heterocyclic phenylmethylene moieties (under A.2 
comprises several subgeneric groups within partial Formula (1.1.0): 



5 




(1.1.0) 

where the symbol " * " and R^; R^ R^; R^ j and m are as defined above; 

and R^^ais a member selected from the group consisting of hydrogen; F; CI; -COsR"*; 
oxo; -OH; CN; NH2; NH(Ci -C2)alkyl; N(Ci -C2)2dialkyl; -CF3; (Ci .C4)alkyl; (C2 -C4)alkenyl; 

10 (Ci .C2)alkoxy; (C3 .C7)cycloalkyl; and phenyl; wherein said alky!, alkenyl, aikoxy, cycloalkyi 
and phenyl are substituted with 0 to 2 substituents R^^ wherein R^^ is a member 

independently selected from the group consisting of F; CI; -CO2R'*; -OH; -CN; -CONR^R'^bi 
-NR^R\; -NR\C(=0)R\; -NR'aC(=0)ORV -NR'aS(=0)pR\; -S(=0)pNR'3R'b; (Ci .C4)alkyl 
including dimethyl, and (Ci .C4)alkoxy wherein said alkyi and aikoxy are each independently 

15 substituted with 0 to 3 substituents independently selected from F and CI; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and (Ci .C2)alkylcarbonyIoxy; and R^\ is 
selected from the group consisting of hydrogen; (Ci .C4)aikyl; (C2 .C4)alkenyl; (Ci .C2)alkoxy; 
(C3.C7)cycloalkyl; C(=0)(Ci-C4)alkyl; S(=0)2(Ci-C4)alkyl; and phenyl; wherein said atkyl. 
alkenyl, aikoxy, cycloalkyi and phenyl are substituted with 0 to 2 substituents R^^ wherein R^^ 

20 has the same meaning as in above, except that it is independently selected therefrom. 

The moiety of partial Formula (1.1.1): 
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(1.1^1) 

represents, inter alia, a monocyclic heterocyclic group containing a total of 5- 
members of which one said member is nitrogen and Q is selected from O and S 

The heterocyclic group may be selected from the group consisting of oxazolyl; 
oxazolidinyl; /soxazolyi; thiazolyl; thiazolidinyl; /so-thiazolyl; morpholinyl and thiamorphoiinyi. 

Moieties of partial Formula (1.1.0) containing the group of partial Formula (1.1.1) 
result in the following preferred embodiments of Region a, represented by partial Formulas 
(1.1.3) through (1.1.9): 



F 




(1-1-3) (1.1.4) (1.1.5) (1.1.6) (1.1.7) 




(1.1.8) (1.1.9) 

In alternative preferred embodiments the heterocyclic group may selected from the 
group consisting of triazolyl; triazinyl; tetrazoiyi; oxadiazoiyi; and thiadiazolyl. 

Further preferred embodiments of Region a, are represented by partial Formulas 
(1.1.20) through (1.1.24), inclusive: 
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(1.1.20) (1.1.21) (1.1.22) (1.1.23) (1.1.24) 



Another class of which Region ct moeities (under B) are (substituted)-amido-aryl or 
-heterocyclyi moieties which may be independently selected from several groups, as 
5 described in more detail below. 

The first such class of (substituted)-amido-aryl or -heterocyclyi moieties of Reg,on a are 
those in which the amido-ary! or -heterocyclyi portion of the group is substituted by alkyi-, 
alkeny!-, or alkynyl. as represented by partial Formula (2.0.0) 



A 




10 (2.0.0) 
where the symbol " * " and R"^ and R^ and m, R^ and R® in the further definition of A; 
are as defined in the partial formulas above, except that all of the above-recited substituents 
are selected independently. 

The moiety A In partial Formula (2.0.0) is a member independently selected from the 
15 group consisting of several different classes of moieties, as discussed below. The first class 
represented by partial Formula (2.0.3) is a preferred embodiment of this invention 




(2.0.3) 

wherein the symbols R^; R® and m are as defined in the partial formulas further above, 
20 except that all of the above-recited substituents are selected independently of their selection in 
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said partial formulas further above; and the symbol: " * " indicates the point of attachment of 
the moiety A to the other, remaining portions of partial Formula (2.0.0). 

Further embodiments of moiety A are depicted by partial Formulas (2.0.4) and (2.0.5). 
Partial Formula (2.0.4) is: 



which represents a monocyclic heterocyclic group, selected from the group consisting 
of pyrrolyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; and pyrimidinyl. It is noted that in the 
moiety of partial Formula (2.0.3), the symbols R^^a and R^^b. and the subscript "j" which 
10 determines their presence, are as defined in the partial formulas further above, except that "j" 
is 0 or 1 and all of the above-recited substituents are selected independently of their selection 
further above; and the symbol: " * " indicates the point of attachment of the moiety A to the 
other, remaining portions of partial Formula (2.0.0). 



which represents a monocyclic heteroaromatic group containing a total of 5- members 
of which one said member is nitrogen and Q is selected from O and S where said S may 
optionally be in the sulfonate form, -S(=0)2. Said heterocyclic group may be selected from 

20 the group consisting of oxazolyl; /soxazolyl; thiazolyl; and /50-thiazolyl; triazolyl; triazinyl; 
tetrazolyl; oxadiazolyl; and thiadiazolyl. It is noted that the symbols R^^ and R^^b. and the 
subscript "j" which determines their presence, are as defined in the partial formulas further 
above, except that "j" is 0 or 1 and all of the above-recited substituents are selected 
independently of their selection in said partial formulas further above; and the symbol: " * " 

25 indicates the point of attachment of the moiety A to the other, remaining portions of partial 
Formula (2.0.0). 

The group R^a is selected from a direct bond; -C(=0)-; and -S(=0)2-. In preferred 
embodiments of the present invention R^a is a direct bond. It is provided, however, that where 



5 




(2.0.4) 



Further embodiments of moiety A are depicted by partial Formula (2.0.5) 




(2.0.5) 
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R^a is -CO- or -SO2-, the divalent moiety is defined to additionally include the meaning of 
being a direct bond. 

In partial Formula (2.0.0), R^^ is a member selected from the group consisting of 
(Ci .C6)alkyl; (C2 -C6)alkenyl; and (C2 .C5)alkynyl; wherein said alkyi, alkenyl, and alkynyl 
5 groups comprising R^'' may be substituted with 0 to 3 substituents R^^ where R^^ is selected 
from the group consisting of F; CI; 0x0; hydroxy; (Ci .C2)alkyl; (Ci .C3)alkoxy; -C(=0)OR^^; 
C(=0)(Ci-C4)alkyl; -S(=0)2(Ci-C4)aikyl; -C(=0)NR^^r'°; -NR^^R^"^; -NR^^C(=0)R^; 
-NR^^C(=0)OR^°; -NR^^S(=0)2R^'^; and -S(=0)2NR^^R^°, where R^^ and R^° are independently 
selected from hydrogen and (Ci .C4)alkyl. 

10 The moiety is a member independently selected from the group consisting of 

divalent moieties of partial Formulas (2.0.6) through (2.0.16), inclusive; 




(2.0.12) (2.0.13) (2.0.14) (2.0.15) (2.0.16) 



20 where the symbol: "-^ " indicates the point of attachment of the moiety to the 

nitrogen atom in partial Formula (2.0.0), and the symbol: " * " indicates the point of attachment 
of the moiety to the moiety R^^ which represents the remaining portions of partial Formula 
(2.0.0); and R^^ and R^^ are each independently a member selected from the group consisting 
of hydrogen; (Ci .C2)alkyl substituted by 0 or 1 substituent independently selected from F and 

25 OH; and (Ci .C2)alkoxy. 

The bridging element -N(R'*)-W^- may alternatively constitute or contain several 
different functionalities. The first and most preferred of these is an amide functionality, which 
may be represented as: -NR^-C(=0)-. Other functionality types include sulfonamide and 
ureido moieties within the scope of partial Formulas (2.0.6) through (2.0.16). 
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Preferred alkyl and alkenyl groups R^^ include: methyl; ethyl; /so-propyl; f-butyl; and 
propenyl (allyl). These aiky! and alkenyl groups may be substituted by 0 to 3 substituents 
It is preferred that where a substituent is present that it be a single substituent independently 
selected from F; CI; OH; CF3; CH3; OCH3; CN; NHCH3; N(CH3)2; NHCOCH3; NCH3(COCH3) 
5 and NH2. Consequently, groups of partial Formula (2.0.0) which are preferred embodiments 
of the present invention constituting Region a include the following moieties of partial Formulas 
(2.0.30) through (2.0.36), inclusive: 




(2.0.34) (2.0.35) (2.0.36) 



The second class of (substituted)-amido-aryl moieties comprising Region a are those in 
which the amido-aryl portion of the group is substituted by -(cycloalkyi) or -alkyl(cycloalkyl), as 
15 represented by partial Formula (2.1.0). 



A 




(2.1.0) 

where; A; the symbol " * " and R^ R^; R^ and m, R^ and R® in the further 
definition of A; have the same meaning as set out in the partial formulas further above, except 
20 that all of the above-recited substituents are selected independently of their selection further 



P60190 



-22 - 

above. R^^ is a member independentiy selected from the group consisting of - 
-(CH2)r>-(C3 .C7)cycloaikyl, where n is an integer selected from 0, 1, and 2; in the event n is 0, 
then the a-carbon atom of said (C3 .C7)cycloaikyl may be substituted by {C^ .C4)alkyl or phenyl, 
where said alkyl or phenyl may be substituted by 1, or 2 of CH3, OCH3, OH or NH2; and in the 
5 event that n is 1 or 2, the resulting methylene or ethylene group may be substituted by of F; CI; 
CN; NH2; N(CH3)2; OH; OCH3; (Ci .C4)alkyl; or phenyl. It will also be further noted that the 
basic (C3 .C7)cycloalkyl group comprising R^^ may also be substituted by 0 to 3 substituents 
R^^ where R^^ has the same meaning as defined further above with respect to substituents for 
group R^^ under partial Formula (2.0,0), but independently selected therefrom. 

10 Representative cycloalkyl and alkylcycloalkyi groups within the scope of R^^ include 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl; cyclopropylmethyl; cyclobutylethyl; 
cyclopentylpropmethyl; and cyciopentylmethyl. More preferred single substituents for these 
cycloalkyl and alkylcycloalkyi groups include F, CI, and CN, especially OH; OCH3; and NH2. 
Accordingly, groups of partial Formula (2.1.0) which are preferred embodiments of RegKxi ct 

15 include partial Formulas (2.1.3) through (2.1.10). 




(2.1.7) (2.1.8) (2.1.9) (2.1.10) 

20 

The third class of (substituted)-amido-aryl moieties of Region ct are those in which the 
amido-aryl portion of the group is substituted by aryl- and heterocyclyl-substituted-amido-aryl 
moieties of partial Formula (2.2.0). 
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where A; W\ the symbol " * " and R^; r\; and nn, R^ and R^ in the definition of A; 
have the same meaning as set out above, except that all of the above-recited substituents are 
selected independently. 

The moiety R^^ may be selected from the group consisting of phenyl; furyl; 
tetrahydropyranyl; tetrahydrofuranyl; oxetanyl; thienyl; pyrrolyl; pyrrolidinyl; oxazolyl; isoxazolyl; 
thiazolyl; isothiazolyl; imidazolyl; imidazolinyl; pyrazolyl; pyrazolinyl; oxadiazolyl; thiadiazolyl; 
triazolyl; pyridyl; pyrazinyl; pyridazinyl; piperazinyl; pyrimidinyl; pyranyl; azetidinyl; morpholinyl; 
parathiazinyl; indolyl; isoindolyl; 3H-indolyl; indolinyl; benzo[/?]furanyl; 2;3-dihydrobenzofuranyi; 
benzothienyl; 1 H-indazoIyl; benzimidazolyl; benzoxazoiyi; benzisoxazolyl; benzthiazolyl; 
benzoxdiazolyl; quinolinyl; isoquinolinyl; phthalazinyl; quinazolinyl; and quinoxalinyl. 

Preferred meanings of R^ are phenyl; pyrrolyl; oxazolyl; imidazolyl; pyridinyi; 
pyrimidinyl; triazolyl; indolyl; benzimidazolyl; benzotriazolyl; quinolinyl; thienyl; furfuryl; 
benzofuranyl; thiazolyl; oxazolyl; isoxazolyl; oxadiazolyl; and benzoxazoiyi; and 
benzoxadiazolyl. Most preferred are tetrahydropyranyl; oxetanyl; azetidinyl and 
tetrahydrofuranyl. Group R^^ may be substituted by 3 substituents R^^ where R^® has the 
same meaning as defined above but selected independently. 

Alternative aryl and heterocyclyl groups falling within the scope of R^^ include phenyl; 
pyrrolyl; imidazolyl; pyridyl; oxazolyl; furyl; and benzofuranyl. Prefen^ed single or double 
substituents for these groups include -CN; -F; -CI; -CONH2; -CH3; -CF3; and -OCH3. 

Accordingly, groups of partial Fomiula (2.2.0) which are preferred embodiments of 
Region ot inciude partial Formulas (2.2.3) through (2.2.14) 




CI 
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(2.2.3) 



(2.2.4) 



(2.2.5) 



(2.2.5) 



O 




(2.2.7) 






(2.2.9) 



(2.2.10) 




O 



(2.2.11) 



(2.2.12) 



(2.2.13) 




(2.2.14) 



[Rj>Qinn B1 comprises a bridging element between Reg,on a described above and Reg.on Y 
described below. 

The alky! bridging element of Region P comprises a moiety of partial Formula (3.0.0): 

) 



R" 

I 



10 (3.0.0) 
where the symbol " * " represents the point of attachment of the alkyi bridging element 
moiety of partial Formula (3.0.0) to Region ct of the modulator compound of Formula (I); and the 
symbol represents the point of attachment of the alkyI bridging element moiety of partial 
Formula (3.0.0) to Region Y of the modulator compound of Formula (I). Substituents R^^^ and 

15 R'*^ are both independently selected from the group consisting of hydrogen; (C1-C2) alkyi 
including dimethyl; hydroxy; and (C1-C3) alkoxy; provided that only one of R"^ and R"*^ may be 
(C1-C3) alkoxy or hydroxy, the other one of R"^ or R"*^ being selected from hydrogen and 
(C1-C2) alkyI including dimethyl. 

Accordingly, R'*^ and R'*^ may be hydrogen; methyl; ethyl; dimethyl, i.e., two methyl 
20 groups joined to the single carbon atom to which R"^ or R"^^ is attached; hydroxy; methoxy; 
ethoxy; or propoxy. 
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Some representative embodiments of the alkyi bridging element of partial Fomnula 
(3.0.0) include the following moieties of partial Formulas (3.0.1) through (3.0.7), inclusive; 




(3.0.1) (3.0.2) (3.0.3) (3.0.4) (3.0.5) (3.0.6) (3.0.7) 

5 

in the most preferred embodiments of the modulator compounds of the present 
invention, both R'*^ and R"*^ are hydrogen, and the alkyI bridging element of partial Formula 
(3.0.0) is unsubstituted ethylene. In preferred embodiments a single methyl, hydros, or 
methoxy substituent may be present, resulting in alkyI bridging elements such as those of 
10 partial Formulas (3.0.8) through (3.0.10): 




CH3 H3C CH3 

(3.0.8) (3.0.9) (3.0.10) 

£Reg[oQ_Jii comprises a member selected from the group consisting of a moiety of 
partial Formula (4.0.0): 




(4.0.0) 

where " * " is a symbol representing the point of attachment of the aza-monocyclic moiety of 
partial Formula (4.0.0) to Region P; and "->" is a symbol representing the point of attachment to 
Region 5. It will be noted that in the moieties of partial Formula (4.0.0) the nitrogen atom 
20 covalently bonds said heterocyclic moieties to Region p. 

The heterocyclic moiety of partial Formula (4.0.1): 




(4.0.1) 

constituting a part of partial Formula (4.0.0) represents a monocyclic heterocyclic group 
25 containing a total of from 4- to 7-members of which one said member is nitrogen, wherein said 
heterocyclic group is a member independently selected from the group consisting essentially 
of azetidinyl; pyrrolidinyl; piperidinyl; and azepinyl, which may also be referred to as 
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homopiperidinyl. With respect to the moieties of partial Formula (4.0.0) which define Region x 
then, there is included the following groups represented by partial Formulas (4.0.2) through 
(4.0.5): 




5 (4.0.2) (4.0.3) (4.0.4) (4.0.5) 

The above-defined moieties of partial Formula (4.0.0) are optionally mono-substituted 
by R"*^ where R'*^ is absent or is a member independently selected from the group consisting 
essentially of (Ci .C4)aikyl including dimethyl; (C3 .C6)cycloalkyl; (Ci .C4)alkoxy; (Ci- 
C2)alkoxy(C1-C2)alkyl; -CF3; -COsR"^ where R^^ is as defined further above; 0x0; -OH; -CN; 

10 -C(=0)NR^R^; -NR^R\; -NR\C(=0)R\; -NR^C(=0)0RV -NR^S(=0)pR\; -S(=0)pNR\R'b 
where R'*a and R'^b are are each independently selected from hydrogen; (Ci .C2)alkyl; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; (Ci .C2)alkylcarbonyloxy; and 

(Ci .C2)alkoxy(Ci .C2)alkyL It will be understood that in the moieties of partial Formula (4.0.0). 
the substituent R'*^ is attached to a single carbon atom of the above-above-described 

15 heterocyclic group. It will be further understood that where R'^ is defined as (Ci)alkyl, the 
methyl substituent may occur twice on a single carbon atom of the heterocyclic group, i.e., be 
a dimethyl substituent. 

The substituent group R'*^ is absent or is a member independently selected from the 
group consisting essentially of hydrogen; (Ci .C4)alkyl substituted by 0 or 1 substituent 

20 independently selected from (Ci .C2)alkoxy and -C02R'^ where R"* is as defined further above; 
and ->0. It will be appreciated that in the case where substituent R"^® is selected to be other 
than absent, that it will result in said nitrogen atom and said moiety of partial Formula (4.0.0) 
being in quaternary form. However, generally the quaternary forms of the compounds of the 
present invention are less preferred than their non-quaternary counterparts, although the 

25 skilled artisan can readily foresee that some particular embodiment may have more 
advantageous properties in Its quaternary form than in its non-quaternary form. 

Although it is preferred that the moieties of partial Formula (4.0.0) remain 
unsubstituted. i.e., that R"^^ be absent, some examples of substituted moieties which are 
included within the scope of preferred embodiments of the present invention are those 
30 depicted in partial Formulas (4.0.6) through (4.0.13). inclusive: 
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r 



-N 



HO 



/ 



N- 



(4.0.10) 



(4.0.6) 
OCH, 



OCH, 






(4.0.11) 




(4.0.8) 



•N 



H3C CH3 

(4.0.12) 




(4.0.9) 




(4.0.13) 



rRgflfnn 51 constitutes the right-hand end of the compounds of Formula (I) and is 
attached directly to Region Y described above. Region 5 of the compounds of Formula (I) 
comprises two subclasses of (substituted)-heterocyclyl moieties. 

The first subclass of such heterocyclyl moieties is selected from those of partial 
10 Formula (5.3.0): 

5 90 



15 



20 




(5.3.0) 

where the symbol: " * " indicates the point of attachment of partial Formula (5.3.0) to 
Region Q is N. O or S; and R^a and R%, , are independently selected from the group 
consisting of hydrogen. -(Ci .C2)alkylcarbonyl; -(Ci .C4)alkyl; -(CH2)fv(C3 .C7)cycloalky!; 
-(C2 .C3)alkenyl; -(CH2)rv(phenyI): and -(CH2)rv(HETi), where n is an integer selected from 0, 1, 
and 2. Further, j has the same meaning as above, but is selected independently. It is more 
preferred that j is 0, in which case the R^b substituent is absent. However, prefen-ed 
embodiments of the present invention also include those wherein j is 1 and R% is methyl. 

The heterocyclyl group HET^ may be selected from the group consisting of thienyl; 
oxazolyl; isoxazolyl; thiazoiyl; isothiazolyl; pyrazolyl; oxadiazolyl; thiadiazolyl; triazolyi; pyridyl; 
pyrazinyl; pyridazinyl; pyrimidinyl; parathiazinyl; morpholinyL 

The above-mentioned alkyi, alkenyl, cycloalkyi, phenyl, and heterocyclyl groups are 
optionally substituted with up to 3 substituents R^^ independently selected from the group 
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consisting of F; CI; -C(=0)OR^^ -oxo; -OH; -CN; C(=0)(Ci-C4)alkyl; S(=0)2(Ci-C4)alkyl; 
-CONR^^R^; -NR^^R^^-; -NR"C(=0)R^; -NR^^C(=0)0R^; -NR^^S(=0)2R^; -S(=0)2NR^^R^; 
(Ci .C4)alkyl including dimethyl, and (Ci .C4)alkoxy each substituted with 1 to 3 substituents 
independently selected from F and CI; (Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and 
(Ci .C2)alkylcarbonyloxy, where R^^ and R^ are each a member independently selected from 
the group consisting of hydrogen; and (Ci .C2)alkyl. 

The heterocyclyic group which constitutes a part of the moiety of partial Formula 
(5.3.0), may be a five membered monocyclic group containing two or more of N, O or S, for 
example oxazolyl; /soxazolyl; thiazolyl; /so-thiazolyl; triazolyl; triazinyl; tetrazolyl; oxadiazolyi; 
and thiadiazolyl. 

Preferred embodiments include Formulas (5.3.5) through (5.3.9): 



15 



,90 



N- 

V 



o- 



N' 



N- 
N- 



^90 



(5.3.5) 



(5.3.6) 



(5.3.8) 



-< 



i 



(5.3.9) 



(5.3.7) 

Accordingly, the following are preferred embodiments of the compounds of the 
present invention comprising moieties defining Region 6 in accordance with partial Formula 
(5.3.0), as represented by partial Formulas (5.3.15) through (5.3.26): 



(5.3.15) 



.CH. 



N 



N 




(5.3.16) 




OCH 



(5.3.17) 




CI 



N' 




(5.3.18) 



NHSO2CH3 



20 
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(5.3.19) 



(5.3.21) 



N 



(5.3.23) 




N 



N 



(5.3.22) 
O 



(5.3.24) 



(5.3.25) 



(5.3.26) 



The second subclass of moieties (under C.2.) defining Region 5 may be selected from 
those of partial Formula (5.4.0); 




(5.4.0) 

where Q, R^a and R^b have the same meaning as defined above, but are selected 
10 Independently. 

The heterocyclic group may be the same as in Formula 5.3.0 except that the nitrogen 
atom is the point of attachment. Accordingly, Formulas (5.4.5) through (5.4.8) result: 



— N I 



^90 



— N 



N 



— N 



N 



R 



90 



A. 



-N 



N ^r90 




,90 



b 

(5.4.5) (5.4.6) (5.4.7) (5.4.8) 

15 The following preferred embodiments of Region 5 are represented by partial Fonmulas 

(5.4.10) through (5.4.17): 

HX 



H3C 



-N J, 



H3C 

(5.4.10) 





— N 



(5.4.11) 



(5.4.12) 



(5.4.13) 
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The compounds of the present invention may be utilized in the form of acids, esters, 
5 or other chemical derivatives. It is also within the scope of the present invention to utilize 
those compounds in the form of pharmaceutically acceptable salts derived from various 
organic and inorganic acids and bases in accordance with procedures well known in the art. 
The expression "pharmaceutically acceptable salt" as used herein is intended to mean an 
active ingredient comprising a compound of Formula (I) utilized in the form of a salt thereof, 
10 especially where said salt form confers on said active ingredient improved pharmacokinetic 
properties as compared to the free form of said active ingredient or other previously disclosed 
salt form. 

A pharmaceutically acceptable salt form of said active ingredient may also initially 
confer a desirable pharmacokinetic property on said active ingredient which it did not 
15 previously possess, and may even positively affect the pharmacodynamics of said active 
ingredient with respect to its therapeutic activity in the body. 

The pharmacokinetic properties of said active ingredient which may be favorably 
affected include, e.g., the manner in which said active ingredient is transported across cell 
membranes, which in turn may directly and positively affect the absorption, distribution, 

20 biotransformation or excretion of said active ingredient. While the route of administration of 
the pharmaceutical composition is important and various anatomical, physiological and 
pathological factors can critically affect bioavailability, the solubility of said active ingredient is 
usually dependent upon the character of the particular salt form thereof which it utilized. 
Further, an aqueous solution may provide the most rapid absorption of an active ingredient 

25 into the body of a patient being treated, while lipid solutions and suspensions, as well as solid 
dosage forms, may result in less rapid absorption. Oral ingestion of said active ingredient is 
the most preferred route of administration for reasons of safety, convenience, and economy, 
but absorption of such an oral dosage form can be adversely affected by physical 
characteristics such as polarity, emesis caused by Irritation of the gastrointestinal mucosa, 

30 destruction by digestive enzymes and low pH, irregular absorption or propulsion in the 
presence of food or other drugs, and metabolism by enzymes of the mucosa, the intestinal 
flora, or the liver. Formulation of said active ingredient into different pharmaceutically 
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acceptable salt forms may be effective in overcoming or alleviating one or more of the above- 
recited problems encountered with absorption of oral dosage forms. 

Well-known pharmaceutically acceptable salts include, but are not limited to acetate, 
adipate, alginate, aspartate, benzoate, benzenesulfonate, besylate, bisulfate, butyrate, citrate, 
5 camphorate, camphorsulfonate, cyclopentanepropionate, digluconate, dodecysulfate, 
ethanesutfonate, fumarate, glucoheptanoate, gluconate, glycerophosphate, hemisuccinate, 
hemisulfate, heptanoate, hexanoate, hippurate, hydrochloride, hydrobromide, hydroiodide, 2- 
hydroxyethanesulfonate, isethionate, lactate, lactobionate, maleate, mandelate, 
methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate, oleate, pamoate, 
10 pectinate, persulfate, 3-phenyipropionate, phosphonate, picrate, pivalate, propionate, 
salicylate, sodium phosphate, stearate, succinate, sulfate, sulfosalicylate, tartrate, thiocyanate, 
thiomalate, tosylate, and undecanoate. 

Base salts of the compounds of the present invention include, but are not limited to 
ammonium salts; alkali metal salts such as sodium and potassium; alkaline earth metal salts 

15 such as calcium and magnesium; salts with organic bases such as dicyclohexylamine, 
meglumine, N-methyl-D-glucamine, tris-(hydroxymethyl)-methylamine (tromethamine), and 
salts with amino acids such as arginine, lysine, etc. Compounds of the present invention 
which comprise basic nitrogen-containing groups may be quatemized with such agents as 
(C1-C4) alky! halides. e.g., methyl, ethyl, /so-propyl and fert-butyl chlorides, bromides and 

20 iodides; di(Ci-C4) alkyi sulfate, e.g., dimethyl, diethyl and diamyl sulfates; (Cio-Cib) alkyi 
halides, e.g., decyl, dodecyl, lauryl, myristyl and stearyl chlorides, bromides and iodides; and 
aryl-(Ci-C4) alkyi halides, e.g., benzyl chloride and phenethyl bromide. Such salts penmit the 
preparation of both water-soluble and oil-soluble compounds of the present invention. 

Among the above-recited pharmaceutical salts those which are prefen-ed include, but 
25 are not limited to acetate, besylate, citrate, fumarate, gluconate, hemisuccinate, hippurate. 
hydrochloride, hydrobromide, isethionate. mandelate, meglumine, nitrate, oleate, 
phosphonate. pivalate, sodium phosphate, stearate, sulfate, sulfosalicylate, tartrate, 
thiomalate, tosylate, and tromethamine. 

Multiple salts forms are included within the scope of the present invention where a 
30 compound of the present invention contains more than one group capable of forming such 
pharmaceutically acceptable salts. Examples of typical multiple salt forms include, but are not 
limited to bitartrate, diacetate, difumarate, dimeglumine, diphosphate, disodium, and 
trihydrochloride. 

The compounds of this invention can be administered alone but will generally be 
35 administered in admixture with one or more suitable pharmaceutical excipients, diluents or 
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carriers selected with regard to the intended route of administration and standard 
pharmaceutical practice. 

For example, the compounds of the formula (I) can be administered orally or 
sublingually in the form of tablets, capsules, ovules, elixirs, solutions or suspensions, which 
5 may contain flavouring or colouring agents, for immediate or controlled release applications. 

Such tablets may contain excipients such as microcrystalline cellulose, lactose, 
sodium citrate, calcium carbonate, dicalcium phosphate and glycine, disintegrants such as 
starch (preferably corn, potato or tapioca starch), alginic acid and certain complex silicates, 
and granulation binders such as polyvinylpyrrolidone, sucrose, gelatin and acacia. 
10 Additionally, lubricating agents such as magnesium stearate, sodiunn lauryl sulfate and talc 
may be included. 

Solid compositions of a similar type may also be employed as filters in gelatin 
capsules. Preferred excipients in this regard include lactose or milk sugar as well as high 
molecular weight polyethylene glycols. For aqueous suspensions and/or elixirs, the 
15 compounds of the formula (I) may be combined with various sweetening or flavouring agents, 
colouring matter or dyes, with emulsifying and/or suspending agents and with diluents such as 
water, ethanol, propylene glycol and glycerin, and combinations thereof. 

The compounds of the formula (I) can also be injected parenterally, for example, 
intravenously, tntraperitonealiy, intrathecally, intraventhcularly, intrasternally, Intracranially, 

20 intramuscularly or subcutaneously. or they may be administered by infusion techniques. They 
are best used in the form of a sterile aqueous solution which may contain other substances, 
for example, enough salts or glucose to make the solution isotonic with blood. The aqueous 
solutions should be suitably buffered (preferably to a pH of from 3 to 9), if necessary. The 
preparation of suitable parenteral formulations under sterile conditions is readily accomplished 

25 by standard pharmaceutical techniques well known to those skilled in the art. 

For oral and parenteral administration to human patients, the daily dosage level of the 
compounds of the formula (1) will usually be from 1 microgram/kg to 25 mg/kg (in single or 
divided doses). 

Thus tablets or capsules of the compound of the formula (I) may contain from 0.05 
30 mg to 1.0 g of active compound for administration singly or two or more at a time, as 
appropriate. The physician in any event will determine the actual dosage which will be most 
suitable for any individual patient and it will vary with the age, weight and response of the 
particular patient. The above dosages are exemplary of the average case. There can, of 
course, be individual instances where higher or lower dosage ranges are merited and such 
35 are within the scope of this invention. 
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The compounds of formula (I) can also be administered intranasally or by inhalation 
and are conveniently delivered in the form of a dry powder inhaler or an aerosol spray 
presentation from a pressurised container or a nebuliser with the use of a suitable propellant, 
eg dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a 
5 hydrofluoroalkane such as 1,1,1,2-tetrafluorethane (HFA 134a), carbon dioxide or other 
suitable gas. In the case of a pressurised aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount. The pressurised container or nebuliser may 
contain a solution or suspension of the active compound, eg using a mixture of ethanol and 
the propellant as the solvent, which may additional contain a lubricant, eg sorbitan trioleate. 
10 Capsules and cartridges (made, for example, from gelatin) for use in an inhaler or insufflator 
may be formulated to contain a powder mix of a compound of the formula (I) and a suitable 
powder base such as lactose or starch. 

Aerosol or dry powder formulations are preferably arranged so that each metered 
dose or "puff' contains from 20 ^g to 20 mg of a compound of the formula (I) for delivery to 
15 the patient. The overall daily dose with an aerosol will be in the range of from 20 (ig to 20 mg 
which may be administered in a single dose or, more usually, in divided doses throughout the 
day. 

Alternatively, the compounds of the formula (I) can be administered in the form of a 
suppository or pessary, or they may be applied topically in the form of a lotion, solution, 
20 cream, ointment or dusting powder. The compounds of the formula (I) may also be 
transdermal^ administered by the use of a skin patch. They may also be administered by the 
ocular route, particularly for treating neurological disorders of the eye. 

For ophthalmic use, the compounds can be formulated as micronised suspensions in 
isotonic, pH adjusted, sterile saline, or, preferably, as solutions in isotonic, pH adjusted, sterile 
25 saline, optionally in combination with a presery/ative such as benzylalkonium chloride. 
Alternatively, they may be formulated in an ointment such as petrolatum. 

For application topically to the skin, the compounds of the formula (1) can be 
formulated as a suitable ointment containing the active compound suspended or dissolved in, 
for example, a mixture with one or more of the following: mineral oil, liquid petrolatum, white 
30 petrolatum, propylene glycol, polyoxyethylene polyoxypropylene compound, emulsifying wax 
and water. Alternatively, they can be formulated as a suitable lotion or cream, suspended or 
dissolved in, for example, a mixture of one or more of the following: mineral oil, sorbitan 
monostearate, a polyethylene glycol, liquid paraffin, polysorbate 60, cetyl esters wax, cetearyl 
alcohol, 2-octyldodecanol, benyl alcohol and water. 

35 The compounds of Formula (I) are described herein as possessing biological activity 

such that they are able to modulate CCR5 chemokine receptor activity and consequent or 



P60190 



-34 - 

associated pathogenic processes subsequently mediated by the CCR5 receptor and its 
ligands. The expression ''modulate CCR5 chemokine receptor activity' as used herein is 
intended to refer to manipulation of the basic physiological processes and agencies which 
involve CCR5 chemokine receptors and their ligands. Included within the scope of this 
5 intended meaning are all types and subtypes of CCR5 receptors, in whatever tissues of a 
particular patient they are found, and in or on whatever components of the celts comprising 
those tissues they may be located. Most commonly, CCR5 receptors are situated on the cell 
membranes of particular cell types such as monocytes. CCR5 receptors participate in and 
define, along with various endogenous ligands to which they are naturally bound, signaling 
10 pathways which control important cellular and tissue functions by means of the influence 
which they exert on the movement of agents such as the chemokines, into and out of those 
cells and tissues. 

The basic functioning of the CCR5 receptors and their ligands may be modulated in a 
number of ways, and the scope of the present invention is not limited in that regard to any 

15 particular existing or hypothesized pathway or process. Thus, included within the intended 
meaning of modulation of CCR5 chemokine receptor activity, is the use of synthetically 
derived modulators introduced into a patient being treated, such as the compounds of 
Formula (I) described herein. These exogenous agents may modulate CCR5 receptor activity 
by such well known mechanisms as competitive binding in which the natural ligands are 

20 displaced and their inherent functions disrupted. However, the present invention is not limited 
to any such specific mechanism or mode of action. Thus, "modulation" as used herein is 
intended to encompass preferably antagonism, but also agonism, partial antagonism and/or 
partial agonism. Correspondingly, the term "therapeutically effective amount" means the 
amount of the subject compound that will elicit the biological or medical response of a tissue, 

25 system, animal or human that is being sought. 

The term "patienf in this specification refers particularly to humans. However the 
compounds, methods and pharmaceutical compositions of the present invention may be used 
in the treatment of animals. 

Further Included within the scope of the present invention are metabolites or residues 
30 of the compounds of Formula (I) which possess biological activity such that they are able to 
modulate CCR5 chemokine receptor activity and consequent or associated pathogenic 
processes subsequently mediated by the CCR5 receptor and its ligands. Once synthesized, 
the CCR5 chemokine receptor modulating activities and specificities of the compounds of 
Formula (I) according to the present invention may be determined using in vitro and in vivo 
35 assays which are descnbed in detail further below. 
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The desirable biological activity of the compounds of Formula (I) may also be 
improved by appending thereto appropriate functionalities which enhance existing biological 
properties of the compound, improve the selectivity of the compound for the existing biological 
activities, or add to the existing biological activities further desirable biological activities. Such 
modifications are known in the art and include those which increase biological penetration into 
a given biological system, e.g.. blood, the lymphatic system, and central nervous system; 
increase oral availability; increase solubility to allow administration by injection; alter 
metabolism; and alter the rate of excretion of the compound of Formula (I). 

The dosage and dose rate of the compounds of Formula (I) effective for treating or 
preventing diseases and conditions in a patient which are mediated by or associated with 
modulation of CCR5 chemokine receptor activity as described herein, as well as for favorably 
affecting the outcome thereof in said patient, in accordance with the methods of treatment of 
the present invention comprising administering "to said patient a therapeutically effective 
amount of a compound of Formula (I), will depend on a variety of factors such as the nature of 
the active ingredient, the size of the patient, the goal of the treatment, the nature of the 
pathology being treated, the specific pharmaceutical composition used, the concurrent 
'reatments that the patient may be subject to, and the observations and conclusions of the 
treating physician. 

Generally, however, the effective therapeutic dose of a compound of Formula (1) 
which will be administered to a patient will be between about 10 ^g (0.01 mg)/kg and about 
60.0 mg/kg of body weight per day, preferably between about 100 (0.1 mg)/kg and about 
10 mg/kg of body weight per day, more preferably between about 1.0 mg/kg and about 6.0 
mg/kg of body weight per day, and most preferably between about 2.0 mg/kg and about 4.0 
mg/kg of body weight per day of the active ingredient of Formula (I). 

Included within the scope of the present invention are embodiments comprising 
coadministration of, and compositions which contain, in addition to a compound of the present 
invention as active ingredient, additional therapeutic agents and active ingredients. Such 
multiple drug regimens, often referred to as combination therapy, may be used in the 
treatment and prevention of any of the diseases or conditions mediated by or associated with 
CCR5 chemokine receptor modulation, particularly infection by human immunodeficiency 
virus, HIV. The use of such combinations of therapeutic agents is especially pertinent with 
respect to the treatment and prevention of infection and multiplication within a patient in need 
of treatment or one at risk of becoming such a patient, of the human immunodeficiency virus, 
HIV, and related pathogenic retroviruses. The ability of such retroviral pathogens to evolve 
within a relatively short period of time into strains resistant to any monotherapy which has 
been administered to said patient is well known in the technical literature. 
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In addition to the requirement of therapeutic efficacy which may necessitate the use of 
active agents in addition to the CCR5 chemokine receptor modulating compounds of Formula 
(I), there may be additional rationales which compel or highly recommend the use of 
combinations of drugs involving active ingredients which represent adjunct therapy, i.e., which 
5 complement and supplement the function performed by the CCR5 chemokine receptor 
modulating compounds of the present invention. Such supplementary therapeutic agents 
used for the purpose of auxiliary treatment include drugs which, instead of directly treating or 
preventing a disease or condition mediated by or associated with CCR5 chemokine receptor 
modulation, treat diseases or conditions which directly result from or indirectJy accompany the 

10 basic or underlying CCR5 chemokine receptor modulated disease or condition. For example, 
where the basic CCR5 chemokine receptor modulated disease or condition is HiV infection 
and multiplication, it may be necessary or at least desirable to treat opportunistic infections, 
neoplasms, and other conditions which occur as the result of the immune-compromised state 
of the patient being treated. Other active agents may be used with the compounds of Formula 

15 (1), e.g., in order to provide immune stimulation or to treat pain and inflammation which 
accompany the initial and fundamental HIV infection. 

Thus, the methods of treatment and pharmaceutical compositions of the present 
invention may employ the compounds of Formula (I) in the form of monotherapy, but said 
methods and compositions may also be used in the form of multiple therapy in which one or 
20 more compounds of Formula (I) are coadministered In combination with one or more known 
therapeutic agents such as those described In detail further herein. 

The present invention also provides methods of treatment in which said 
pharmaceutical compositions are administered to a patient. Such methods relate to treating 
or preventing a disease or condition by modulating CCR5 chemokine receptor activity and 

25 consequent or associated pathogenic processes subsequently mediated by the CCR5 
receptor and the active ligands with which it interacts or is bound. CCR5 and the other 
chemotactic cytokine, i.e., chemokine, receptors, play a key role in the control of a number of 
processes which take place in the bodies of animals. Chemokine receptors, of which more 
than forty different species divided into four families are presently known to exist, are proteins 

30 having a number of structural features in common, which act through chemical signaling. In 
the a family of chemokines, one amino acid (X) separates the first two cysteine residues, 
while in the p-chemokines the first two cysteine residues are adjacent to each other (C-C). 
Accordingly, these two families are identified as CXC and CC chemokines, respectively. The 
chemokines bind specific cell-surface receptors belonging to the family of G-protein-coupled 

35 seven-transmembrane-domain proteins called "chemokine receptors", named in accordance 
with the class of chemokines which they bind, followed by "R" and a number Thus, "CCR5" is 
a C-C chemokine receptor. See Horuk, Trends Pharm. Sc/., 15,159-165 (1994) for further 
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details. CCR5 thus belongs to the p-chemokine receptor family, which is currently known to 
contain eight members, CCR1 through CCR8. 

The CC type of chemokine receptor interacts with various signaling proteins, including 
the monocyte chemoattractant proteins, MCP-1, -2, -3, -4, and -5; eotaxin-1; macrophage 
5 inflammatory proteins MIP-1a, and MIP-ip; and those regulated upon activation which are 
normal T-cell expressed and secreted, RANTES. The CCR5 type of chemokine receptor in 
particular is known to interact with MIP-1a, MIP-ip; and RANTES in monocytes, activated T 
cells, dendritic cells, and natural killer ceils. These p-chemokines do not act on neutrophils 
but rather attract monocytes, eosinophils, basophils, and lymphocytes with varying degrees of 
10 selectivity. 

The present invention relates to compounds of Formula (i) which are useful in treating 
or preventing HIV infection, and to methods of treatment and pharmaceutical compositions 
containing such compounds as the active ingredient. It will be understood that the term "HIV 
as used herein refers to human immunodeficiency virus (HIV), which is the etiological agent of 
15 AIDS (acquired immune deficiency syndrome), a disease that results in progressive 
destruction of the immune system and degeneration of the central and peripheral nen/ous 
system. Several HIV replication inhibitors are currently used as therapeutic or prophylactic 
agents against AIDS, and numerous others are presently under investigation. 

In addition to cell-surface CD4, it has recently been shown that for entry into target 
20 cells, human immunodeficiency viruses require a chemokine receptor, CCR5 and CXCR-4 
among others, as well as the virus's primary receptor CD4. The principal cofactor for entry 
mediated by the envelope glycoproteins of primary macrophage-tropic strains of HIV-1 is 
CCR5, which as already mentioned, is a receptor for the p-chemokines RANTES, MIP-1a and 
MIP-ip. See Deng, et aL, Nature, 381, 661-666 (1996) for a further description of CCR5 
25 mediated HIV entry. 

HIV attaches to the CD4 molecule on cells through a region of its envelope protein. 
gp120, and gp120 is part of a multi-subunit complex, most likely a trimer of gp160, i.e., gp120 
+ gp41. It is believed that the CD4 binding site on the gp120 of HIV interacts with the CD4 
molecule on the cell surface, triggering conformational changes across the trimer, which allow 

30 it to bind to another cell-surface receptor, such as CCR5. This in turn enables gp41 to induce 
fusion with the cell membrane, and entry of the viral core into the cell. In addition, 
macrophage-tropic HIV and SIV envelope proteins have been shown to induce a signal 
through CCR5 on CD4+ cells, which may enhance the replication of the virus. See 
Weissman, et al., Nature, 389, 981-985 (1997) for a description of this phenomenon. Further, 

35 it has been shown that a complex of gp120 and soluble CD4 interacts specifically with CCR5 
and inhibits the binding of the natural CCR5 ligands, as described in Wu, et al., Nature, 384, 
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179-183 (1996); and Trkola, et a/., Nature^ 384, 184-187 (1996). It has further been 
demonstrated that 3-chemokines and related molecules, e.g., (AOP)-RANTES, prevent HIV 
fusion to the cell membrane and subsequent infection, both in vitro, as described in Dragic, et 
al., Nature, 381, 667-673 (1996), and in animal models. Finally, absence of CCR5 appears to 
5 confer protection from HIV-1 infection, as described in Nature, 382, 668-669 (1996). In 
particular, an inherited frame-shifting mutation in the CCR5 gene, A32, has been shown to 
abolish functional expression of the gene in vitro, and individuals homozygous for the mutation 
are apparently not susceptible to HIV infection, while at the same time they do not seem to be 
immune-compromised by this variant. Furthermore, those heterozygote individuals that have 
10 been infected by HIV progress more slowly to full-blown clinical AIDS. In addition to validating 
the role of CCR5 in the infectious cycle of HIV, the above observations suggest that CCR5 is 
dispensable in the aduit organism. 

Although most HIV-1 isolates studied to date utilize CCR5 or CXCR-4, at least nine 
other chemokine receptors, or structurally related molecules, have also been described as 

15 supporting HIV-1 env-mediated membrane fusion or viral entry in vitro. These include 
CCR2b, CCR3, B0B/GPR15. Bonzo/STRL33rrYMSTR, GPR1, CCR8, US28, V28/CX3CR1, 
LTB^, and APJ. There is good evidence that CCR3 can be used efficiently by a significant 
fraction of HIV-1 isolates in vitro, provided that this protein is over-expressed in transfected 
ceils. Nevertheless, consistent evidence Indicates that anti-HIV drugs targeted to chemokine 

20 receptors may not be compromised by this variability. Indeed, the chemokines RANTES, MIP- 
la, MIP-ip, SDF-1 have been shown to suppress replication of primary HIV isolates. A 
derivative of RANTES. (AOP)-RANTES, is a sub-nanomolar antagonist of CCR5 function in 
monocytes. Monoclonal antibodies to CCR5 have been reported to block infection of cells by 
HIV in vitro. A small molecule antagonist of CXCR4, identified as AMD3100, has been 

25 reported to inhibit infection of susceptible cultures by CXCR4 dependent phmary and lab- 
adapted HIV viruses while another small molecule called TAK 779 blocks entry of CCR5-tropic 
strains (Baba, et al. PNAS, 96 (10). 5698-5703 (1999); In addition, the majority of primary 
strains from early and late disease stages utilize CCR5 exclusively or in addition to other 
chemokine receptors, indicating that CCR5 dependent infection may play an essential role in 

30 the initiation and maintenance of productive HIV infection in a host. Accordingly, an agent 
which blocks CCR5 in patients including mammals, and especially humans who possess 
normal chemokine receptors, can reasonably be expected to prevent infection in healthy 
individuals and slow or halt viral progression in infected patients. 

Accordingly, the present Invention is directed to the compounds of Formula (I) which 
35 inhibit the entry of human immunodeficiency virus into target cells and are therefore of value in 
the prevention and/or treatment of infection by HIV, as well as the prevention and/or treatment 
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of the resulting acquired immune deficiency syndrome (AIDS). Evidence can be produced 
which is probative of the fact that the compounds of Formula (I) described herein inhibit viral 
entry through selective blockade of CCR5 dependent fusion. Consequently, the present 
invention also relates to pharmaceutical compositions containing the compounds of Formula 
5 (I) as an active ingredient, as well as to the corresponding method of use of the compounds of 
Formula (!) as stand-alone agents, or in conjunction with other agents for the prevention and 
treatment of infection by HIV and resulting AIDS. 

The utility of the compounds of Formula (I) of the present invention as inhibitors of 
HIV infection may be demonstrated by any one or more methodologies known in the art, such 

10 as the HIV microculture assays described in Dimitrov et al., J. Clin. Microbiol. 28, 734-737 
(1990)), and the pseudotyped HIV reporter assay described in Connor al., Virology 206 (2) 
935-44 (1995). In particular, specific compounds of Formula (1) disclosed herein as preferred 
embodiments are shown to inhibit p24 production following replication of laboratory-adapted 
and primary HIV strains in primary blood lymphocytes (PBLs) and clonal cell-lines known to 

15 support replication of both CCR5 and CXCR-4 tropic viruses, e.g., PM-1 and MOLT4-clone 8. 
It is also noted that only those viral strains known to use CCR5 are shown to be inhibited, 
whereas replication of CXCR-4 tropic viruses is shown to be unaffected, indicating that 
compounds of Formula (I) disclosed herein are able to prevent viral entry through selective 
blockade of CCR5 dependent fusion. Furthermore, compounds of Formula (1) are shown to 

20 inhibit entry of chimeric HIV reporter viruses pseudotyped with envelope from a CCR5 
dependent strain (ADA). Finally, compounds of Formula (I) are shown to inhibit infection of 
primary cells by HIV isolated from infected patient blood. Further confirmation of this anti-HIV 
mechanism is provided by experiments outlined below. 

The ability of the compounds of Formula (1) to modulate chemokine receptor activity is 
25 demonstrated by methodology known in the art, such as the assay for CCR5 binding following 
procedures disclosed in Combadiere ef a/.. J. Leukoc. Biol. 60, 147-52 (1996); and/or 
intracellular calcium mobilisation assays as described by the same authors. Cell lines 
expressing the receptor of interest include those naturally expressing the receptor, such as 
PM-1, or IL-2 stimulated peripheral blood lymphocytes (PBL), or a cell engineered to express 
30 a recombinant receptor, such as CHO, 300.19, L1.2 or HEK-293. In particular, the 
compounds of Formula (I) disclosed herein are shown to have activity in preventing binding of 
all known chemokine ligands to CCR5 in the above-mentioned binding assays. In addition, 
the compounds of Formula (I) disclosed herein are shown to prevent intracellular calcium 
mobilization in response to endogenous agonists, which is consistent with their functioning as 
35 CCR5 antagonists. For the treatment of infection by HIV and the prevention and/or treatment 
of the resulting acquired immune deficiency syndrome (AIDS), compounds of Formula (1) 
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which are shown to be antagonists are preferred to compounds of Formula (I) which are 
shown to be agonists. 

The present invention in one of its preferred embodiments is directed to the use of the 
compounds of Formula (!) disclosed herein for the prevention or treatment of infection by a 
5 retrovirus, in particular, the human immunodeficiency virus (HIV) and the treatment and/or 
delaying of the onset of consequent pathological conditions, including but no limited to AIDS. 
The expressions "treating or preventing AIDS", and "preventing or treating infection by HiV" as 
used herein are intended to mean the treatment of a wide range of states of HIV infection; 
AIDS, ARC (AIDS related complex), both symptomatic and asymptomatic, and actual or 

10 potential exposure to HIV. The quoted expressions are not intended, however, to be limited to 
the recited treatments, but rather are contemplated to include ail beneficial uses relating to 
conditions attributable to an AIDS causative agent. For example, the compounds of Formula 
(1) are useful in treating infection by HIV after suspected past exposure to HIV by, e.g., blood 
transfusion, organ transplant, exchange of body fluids, sexual intercourse, bites, needle stick, 

15 or exposure to patient blood. In addition, a compound of Formula (i) may be used for the 
prevention of infection by HIV and the prevention of AIDS, such as in pre-or post-coital 
prophylaxis or in the prevention of maternal transmission of the HIV virus to a fetus or a child, 
whether at the time of birth, during the period of nursing, or in any other manner as above- 
described. 

20 In a preferred embodiment of the present invention, a compound of Formula (I) may 

be used in a method of inhibiting the binding of human immunodeficiency virus to a 
chemokine receptor such as CCR5, which comprises contacting the target cell with a 
therapeutically effective amount of a compound of Formula (I) which is effective to inhibit the 
binding of the virus to the chemokine receptor. The subject treated by these preferred 

25 methods of the present invention is a mammal, preferably a human, male or female, in whom 
modulation of chemokine receptor activity is desired and contemplated to be efficacious. As 
already pointed out, the term "modulation" as used herein is intended to encompass preferably 
antagonism, but also agonism, partial antagonism and/or partial agonism. Also, the 
expression "therapeutically effective amount" as used herein is intended to mean the amount 

30 of a compound of Formula (I) as disclosed herein that will elicit the biological or medical 
response of a tissue, system, or animal, especially human that is being sought. 

In another preferred embodiment of the present invention, a compound of Formula (I) 
may be used to evaluate putative retrovirus, especially HIV, mutants considered to be 
resistant to anti-HlV therapeutic agents, including the compounds of Formula (!) disclosed 
35 herein. Mutant viruses may be isolated from in vitro cultures by methods known in the art, but 
may also be isolated from in vivo animal infection models which have been disclosed in the 
art. More significantly, mutant viruses may be isolated from samples of patients undergoing 
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treatment, whether optimal or sub-optimal, comprising administration of a compound of 
Formula (I), or any combination thereof with other known or to-be-discovered therapeutic 
agents. Such mutant viruses or their components, particularly their envelope proteins, may be 
used for several advantageous purposes, including but not limited to the following: (/) the 
5 evaluation and/or development of novel chemokine modulators or other agents having 
improved activity against such mutant viruses; and (ii) the development of diagnostics capable 
of assisting physicians or other clinicians in the choice of a therapeutic regimen and/or 
outcome prediction for a patient. 

In a further preferred embodiment of the present invention, compounds of Formula (I) 
10 disclosed herein are used as tools for determining the co-receptor affinity of retroviruses 
including HIV and SIV, or their components, especially their envelope proteins. This affinity 
data can be used for several advantageous purposes, including but not limited to phenotyping 
a given viral population, e.g. prior to administration of anti-retroviral therapy. The affinity data 
may also be used to predict the progression and outcome of the infection by the virus 
15 population involved. 

In another preferred embodiment of the present invention, a compound of Formula (I) 
is used in the preparation and execution of screening assays for compounds which modulate 
the activity of chemokine, especially CCR5 receptors. For example, compounds of Formula 
(I) as disclosed herein are useful for isolating receptor mutants, which can then be made into 

20 screening tools for the discovery of even more potent compounds, following procedures well 
known in the art. Furthermore, the compounds of Formula (I) are useful in establishing or 
characterizing the binding sites of other ligands, including compounds other than those of 
Formula (I) and viral envelope proteins, to chemokine receptors, e.g., by competitive inhibition. 
The compounds of Formula (I) are also useful for the evaluation of putative specific 

25 modulators of various chemokine receptors. As will be appreciated by the artisan, thorough 
evaluation of specific agonists and antagonists of the above-described chemokine receptors 
has been hampered by the lack of non-peptidyl, i.e., metabolicaliy resistant compounds with 
high binding affinity for these receptors. Thus, the compounds of Fonnula (I) are useful as 
products which may be commercially exploited for these and other beneficial purposes. 

30 included within the scope of the present invention are combinations of the compounds 

of Formula (I) with one or more therapeutic agents useful in the prevention or treatment of 
AIDS. For example, the compounds of the present invention may be effectively administered, 
whether at periods of pre-exposure and/or post-exposure to HIV, in combination with 
therapeutically effective amounts of known AIDS antivirals, immunomoduiators, anti-infectives, 

35 or vaccines familiar to those skilled in the art. It will be understood that the scope of such 
combinations which include the compounds of Formula (I) is not limited to the above-recited 
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list, but includes as well any combination with another pharmaceutically active agent which is 
useful for the prevention or treatment of HIV and AIDS. 

Preferred combinations of the present invention include simultaneous, or sequential 
treatments with a compound of Formula (I) and one or more inhibitors of HIV protease and/or 
5 inhibitors of HIV reverse transcriptase, preferably selected from the class of non-nucleoside 
reverse transcriptase inhibitors (NNRTI), including but not limited to nevirapine, delavirdine, 
and efavirenz; from among the nucleoside/nucleotide inhibitors, including but not limited to 
zidovudine, didanosine, zaicitabine, stavudine, iamivudine, abacavir, and adefovir dipivoxii; 
and from among the protease inhibitors, including but not limited to indinavir, ritonavir, 

10 saquinavir, nelfinavir, and amprenavir. Other agents useful in the above-described preferred 
embodiment combinations of the present invention include current and to-be-discovered 
investigational drugs from any of the above classes of inhibitors, including but not limited to 
FTC, PMPA, fozivudine tidoxii, talviraline, S-1153. MKC-442. MSC-204, MSH-372, DMP450, 
PNU-140690, ABT-378, and KNI-764. There is also included within the scope of the preferred 

15 embodiments of the present invention, combinations of a compound of Formula (!) together 
with a supplementary therapeutic agent used for the purpose of auxiliary treatment, wherein 
said supplementary therapeutic agent comprises one or more members independently 
selected from the group consisting of proliferation inhibitors, e.g., hydroxyurea; 
immunomoduiators, e.g., sargramostim, and various forms of interferon or interferon 

20 derivatives; fusion inhibitors, e.g., AMD3100. T-20, PRO-542, AD-349, BB-10010 and other 
chemokine receptor agonists/antagonists; integrase inhibitors, e.g., AR177; RNaseH 
inhibitors; inhibitors of viral transcription and RNA replication; and other agents that inhibit viral 
infection or improve the condition or outcome of HIV-infected individuals through different 
mechanisms. 

25 Preferred methods of treatment of the present invention for the prevention of HIV 

infection, or treatment of aviremic and asymptomatic subjects potentially or effectively infected 
with HiV, include but are not limited to administration of a member independently selected 
from the group consisting of: (/) a compound within the scope of Formula (I) as disclosed 
herein; (//) one NNRTI in addition to a compound of (/); (///) two NRTI in addition to a 

30 compound of (/); (/V) one NRTI in addition to the combination of and (v) a compound 
selected from the class of protease inhibitors used in place of an NRTI in combinations (///) 
and (/V). 

The preferred methods of the present invention for therapy of HIV-infected individuals 
with detectable viremia or abnormally low CD4 counts further include as a member to be 
35 selected: (w) treatment according to (/) above in addition to the standard recommended initial 
regimens for the therapy of established HIV infections, e.g., as described in Bartlett, J. G., 
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"1998 Medical management of HIV infection", Johns Hopkins University publishers, ISBN 0- 
9244-2809-0. Such standard regimens include but are not limited to an agent from the class 
of protease inhibitors in combination with two NRTIs; and (vii) a standard recommended initial 
regimens for the therapy of established HIV infections, e.g., as described in Bartiett, J. G.. 
"1998 Medical management of HIV infection", Johns Hopkins University publishers, ISBN 0- 
9244-2809-0), where either the protease inhibitor component, or one or both of the NRTIs 
is/are replaced by a compound within the scope of Formula (I) as disclosed herein. The 
preferred methods of the present invention for therapy of HIV-infected individuals that have 
failed antiviral therapy further include as a member to be selected: {viif) treatment according to 
{/") above, in addition to the standard recommended regimens for the therapy of such patients, 
e.g., as described in Bartiett, J. G., "1998 Medical management of HIV infection", Johns 
Hopkins University publishers, ISBN 0-9244-2809-0); and (ix) a standard recommended initial 
regimens for the therapy of patients who have failed antiretroviral therapy, e.g., as described 
in Bartiett, J. G., "1998 Medical management of HIV infection", Johns Hopkins University 
publishers, ISBN 0-9244-2809-0), where either one of the protease inhibitor components, or 
one or both of the NRTIs is/are replaced by a compound within the scope of Fonmula (I) as 
disclosed herein. In the above-described preferred embodiment combinations of the present 
invention, the compound of Formula (I) and other therapeutic active agents may be 
administered in terms of dosage forms either separately or in conjunction with each other, and 
in terms of their time of administration, either serially or simultaneously. Thus, the 
administration of one component agent may be prior to, concurrent with, or subsequent to the 
administration of the other component agent(s). The compounds of Formula (I) may be 
administered in accordance with a regimen of 1 to 4 times per day, preferably once or twice 
per day. The specific dose level and frequency of dosage for any particular patient may be 
varied and will depend upon a variety of factors including the activity of the specific compound 
employed, the metabolic stability and length of action of that compound, the age, body weight, 
general health, sex, diet, mode and time of administration, rate of excretion, drug combination, 
the severity of the particular condition, and the host undergoing therapy. In particular, 
however, the treatment of retroviral infections, and more particularly HIV, may be guided by 
genotyping and phenotyping the virus in the course of or prior to the initiation of administration 
of the therapeutic agent. In this way, it is possible to optimise dosing regimens and efficacy 
when administering a compound of Formula (I) for the prevention or treatment of infection by a 
retrovirus, in particular, the human immunodeficiency virus (HIV). 

The compounds of this invention may be used for treatment of respiratory disorders, 
including: adult respiratory distress syndrome (ARDS), bronchitis, chronic bronchitis, chronic 
obstructive pulmonary disease, cystic fibrosis, asthma, emphysema, rhinitis and chronic 
sinusitis. 
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The invention is further described by means of examples, but not in any limitative sense. The 
following genera! synthetic routes were employed. 

METHODS OF PREPARING COMPOUNDS OF THE PRESENT INVENTION 

Synthesis I 

5 

O 




n = 0 or 1 

10 Compounds of formula III may be prepared by coupling the amino acid derivative of 

fomnula I with an acid chloride of formula II in the presence of a tertiary amine, such as 
triethylamine, in a suitable solvent, such as dichloromethane at between 0°C and room 
temperature. Compounds of formula IV may be prepared by reduction of compounds of 
formula III, using a suitable reducing agent, preferably diisobutylaluminium hydride in 

15 dichloromethane at -78°C. 

Removal of the nitrogen protecting group (where P is a protecting group, is typically, 
benzyl, Boo, CBz or trifluoroacetate), from the amine of formula VI, may be achieved using 
standard methodology, to provide the amine of formula V. For example, Boc may be removed 
under conditions of protonolysis using hydrochloric acid or trifluoroacetic acid in a suitable 

20 solvent such as dichloromethane, methanol or tetrahydrofuran, at room temperature for 
between 2 and 15 hours. Removal of a benzyl or CBz group may be achieved under 
conditions of transfer catalytic hydrogenation, using a catalyst such as Peariman's catalyst, in 
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the presence of excess ammonium formate, in a suitable solvent such as ethanol under reflux 
conditions. Alternatively, a benzyl group may be removed by treatment with 1-chloroethyl 
chloroformate in a suitable solvent such as dichloromethane at between 0°C and room 
temperature . 

5 A trifluoroacetate protecting group may be removed under conditions of basic 

hydrolysis, using an excess of a suitable base such as sodium hydroxide, in an alcoholic 
solvent, typically methanol or ethanol, at room temperature. 

Compounds of the general formula VII may be prepared by the reductive alkylation of 
an appropriate amine of formula V, with an aldehyde, of formula IV. The reaction may be 
10 carried out in the presence of an excess of suitable reducing agent (e.g. sodium 
triacetoxyborohydnde) in a protic solvent system (acetic acid in dichloromethane or 1,1,1- 
trichloroethane), at room temperature, for between 30 minutes and 18 hours. 

Alternatively, a compound of formula VII may be prepared in a "one-pof procedure, 
by deprotectlon of the nitrogen protecting group from the compound of formula VI, and 
15 reacting the intermediate amine V, with the aldehyde of formula IV, under conditions of 
reductive alkylation, using the methods described above. 

When a compound of formula I, is required as a single enantiomer. it may be obtained 
according to the method of Davies et al. (J. Chem. Soc. Perk. Trans. I; 9; 1994; 1 129). 

20 Synthesis H 




25 



IX 



X 
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O 




XI VII 

Preparation of the compounds of formula VIII from the amino acid derivative I where P 
is a suitable protecting group (preferably BOC), may be achieved for example, by reaction with 
di-fe/t-butyl dicarbonate in the presence of a base such as aqueous sodium hydroxide in a 
5 suitable solvent such as tetrahydrofuran. Compounds of formula IX may be prepared by 
reduction of compounds of formula VIII, according to the method described in synthesis I. 
Reductive alkylation of the amine of formula V, with the aldehyde of formula IX, according to 
the method described in synthesis I, may provide the compounds of formula X. 

Subsequent removal of the nitrogen protecting group may be achieved, for example 

10 using trifluoroacetic acid or hydrochloric acid in a solvent such as methanol or 
dichloromethane at room temperature for from 1 to 60 hours to provide the compound of 
formula XI. Compounds of general formula VII may be prepared by coupling the amine of 
formula XI with an acid (RICO2H) using conventional amide bond forming techniques. For 
example, the acid may be activated using a carbodiimide such as 3-(3-dimethylamino-1- 

15 propyl)-1-ethylcarbodiimide, optionally in the presence of l-hydroxybenzotriazole hydrate. 
These reactions may be performed in a suitable solvent such as dichloromethane, optionally 
in the presence of a tertiary amine, such as triethylamine or N-ethyldiisopropylamine at about 
room temperature. 

20 Synthesis III 
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Compounds of the general formula XIII may be prepared by coupling the amine of 
5 formula XI with the protected amino acid of formula Xli (P is a protecting group, typically BOC) 
using methods previously described in synthesis II. Removal of the nitrogen protecting group, 
using standard methodology such as protonolysis using trifluoroacetic acid, according to the 
methods previously described, provides the compound of formula XIV. 

Alternatively, the amine of general formula XIV may be formed in a "one-pot" 
10 procedure, by coupling the amine of formula XI with the acid of formula XII, followed by 
deprotection of the resultant intermediate, using the methods previously described. 

Compounds of formula XV may be prepared by coupling the amine of formula XIV 
with an acid (R3CO2H), according to the methods described in synthesis II. 

15 Synthesis IV 




XVIII 



20 
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Compounds of genera! formula XVII may be prepared by reductive alkylation of the 
protected amine XVI (where P2 is preferably benzyl), with the aldehyde of general formula IX 
5 (where P1 is preferably Boc), according to the methods previously described. Removal of the 
nitrogen protecting group, P1, using conditions previously described, provides the amine of 
general formula XVIIL Compounds of formula XIX may be prepared by coupling the amine of 
formula XVIII with an acid chloride (R1COCI), in the presence of a tertiary amine, such as N- 
ethyldiisopropylamine, in a suitable solvent, such as dichloromethane at room temperature. 
10 Removal of the oxygen protecting group, from the compound of formula XIX using standard 
methodology provides the acid of formula XX. Typically removal of the benzyl group may be 
achieved under catalytic hydrogenation conditions using a catalyst such as palladium on 
charcoal, in an alcoholic solvent, preferably ethanol, at a hydrogen pressure of about 1 atm, 
and room temperature. 

15 Compounds of formula XXII may be prepared from compounds of formula XXI using 

conventional techniques. For example, treatment of the nitnle of formula XXI, with a 5-fold 
excess of hydroxylamine hydrochloride, in the presence of a 5-fold excess of base, typically 
sodium carbonate or sodium methoxide, in a suitable solvent such as aqueous methanol, at 
room temperature, may provide compounds of formula XXII. 

20 Compounds of formula VII may be prepared by coupling the acid of formula XX with 

an appropriate amidoxime of formula XXII, using conventional amide bond forming 
techniques, followed by in-situ cyclocondensation of the intermediate product. 

For example, the acid may be activated using a carbodiimide such as 3-(3- 
dimethylamino-1-propyl)-1-ethylcarbodiimide, optionally in the presence of N- 

25 dimethylaminopyridine. These reactions may be performed in a solvent such as 
dichloromethane, optionally in the presence of a tertiary amine, such as N-methylmorpholine 
or N-ethyldiisopropylamine at about room temperature. Alternatively, the acid may be 
activated using a fluorinating agent, such as N,N,N',N'- 
bis(tetramethylene)fluoroformamidinium hexafluorophosphate (J.A.C.S. 1995; 117(19); 5401) 
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in the presence of a base such as N-ethyldiisopropylamine in a suitable solvent such as 
dichloromethane at room temperature. Cyclocondensation of the resultant intermediate may 
subsequently be achieved by heating in an appropriate solvent such as dioxane or toluene at 
elevated temperature (e.g. 130°C) for between 4 and 15 hours. 

Alternatively, a compound of formula VII may be formed in a "one-pot procedure", by 
preparing the amidoxime of formula XXII from the nitrile of formula XXI, then coupling and 
cyclising the resultant Intermediate with the acid of formula XX according to the methods 
described above. 





VI 



n is independently 0 or 1. 

Compounds of formula VI may be prepared by coupling the protected amino acid of 
formula XXV (where P is a protecting group, preferably trifluoroacetate) with an amidoxime of 
formula XXII, followed by cyclisation of the resultant intermediate. The acid amine coupling 
may be achieved using methods previously described in synthesis IV. Cyclisation of the 
resultant O-acylamidoxime intermediate, of formula XXVI to afford the compound of formula 
VI, may be achieved by heating in an appropriate solvent such as dioxane or toluene at 
elevated temperature (110°C) for about 18 hours. 
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Alternatively, in a variation of this "one-pot" procedure, the O-acylamidoxime may be 
isolated, and then cyclised using the methods described above. 



Synthesis VI 



5 




VI 



n = independently 0 or 1 

The compound of formula XXVIII may be prepared from the protected nitrile of 
formula XXVII (where P is typically Boo), using standard methodology. Typically, the nitrile is 
10 treated with an excess of hydroxylamine hydrochloride in the presence of an excess of 
suitable base, such as sodium bicarbonate, in an approphate solvent, (for example aqueous 
methanol) at reflux temperature for about 5 hours. The compounds of formula VI may be 
prepared by coupling the amidoxime of formula XXVIII with the acid (R4CO2H), and cyclisation 
of the resultant intermediate, according to the methods described in synthesis V. 

15 

Synthesis VII 
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Ralk = C1-C6 alkyl. preferably, C1-C2. 
N = independently, 0 or 1 

5 Preparation of the compounds of formula XXX from the amine XXIX, where P is a 

suitable protecting group (preferably BOC), may be achieved for example, by reaction with di- 
ferf-butyl dicarbonate in the presence of a base such as aqueous sodium hydroxide in a 
suitable solvent such as dioxane or tetrahydrofuran. The hydrazlde of formula XXXI may be 
prepared from the compound of formula XXX, using standard methodology. For example, the 
10 alkyl ester of formula XXIX may be treated with excess hydroxylamine, in an alcoholic solvent 
such as methanol, at the reflux temperature of the mixture. The compound of formula VI may 
be prepared by condensation of this hydrazlde of formula XXXI with an excess of iminoether 
(RalkOC(NH)R4), in a suitable solvent such as ethanol, at reflux temperature for about 18 
hours. 

15 

Synthesis VIII 




20 



XXXIV 



XXXVI 



P60190 




Compounds of general formula XXXIII may be prepared by coupling the 
hydroxylamine of formula XXII with an acid (Z ~ OH) or acid derivative (e.g. Z = CI) of formula 
5 XXXII (Y is a carboxylic acid derived functional group, e.g. C02Et, CN) using conventional 
amide bond forming techniques, as described above. 

Alternatively an acyi chloride of formula XXXII may be reacted with the hydroxylamine 
of formula XXII in the presence of a tertiary amine, such as triethylamine or N- 
ethyldiisopropylamine in a suitable solvent such as dichloromethane at from about 10°C to 
10 about room temperature. 

Cyciocondensation of the compounds of formula XXXIM, according to the methods 
described in synthesis V, may provide the compound of formula XXXIV. 

In a further variation, the compound of formula XXXIV may be formed in a "one-pof 
procedure, by coupling the hydroxylamine of formula XXII with the acid derivative of formula 
15 XXXII, and cyciising the resultant intermediate, according to the methods described above. 
Compounds of formula XXXVI may be prepared by reaction of the compounds of formula 
XXXIV, with an alkylating agent of formula XXXV (where P is a protecting group preferably 
benzyl, and L is a leaving group, such as halo, and preferably chloro). This reaction may be 
performed in a suitable solvent such as 2-methylpyrroIidine, in the presence of an excess of 
20 base, such as sodium hydride, additionally in the presence of a catalyst, such as tetra-n- 
butylammonium bromide, at elevated temperature (e.g. SCC). 

Compounds of formula XXXVII may be prepared by functional group transformations, 
form compounds of formula XXXVI, using standard methodology. For example, the 
methylamide (Y' ~ CONHMe) may be prepared from the corresponding ethyl ester of formula 
25 XXXVI, by treatment with methylamine in a solvent such as tetrahydrofuran, in a sealed vessel 
at elevated temperature (e.g. 100°C). 



Synthesis IX 
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VI 



5 Preparation of the compound of formula XXXIX from the protected amino acid of 

formula XXXVIII (where P is a suitable protecting group, preferably Boo), may be achieved for 
example, by reaction with ethyl chloroformate, In the presence of a tertiary amine, such as 
triethylamine, in a suitable solvent such as dichloromethane, followed by addition of aqueous 
ammonia, at room temperature. The compounds of formula XXXX, may be prepared by 

10 alkylation of the compounds of formula XXXIX, using an excess of suitable alkylating agent, 
such as triethyloxonium hexafluorophosphate, in a solvent such as dichloromethane at room 
temperature. Compounds of formula VI may be prepared by reaction of the compounds of 
formula XXXX with an acylating agent, typically an acyl chloride (R4COCI), in the presence of 
a tertiary amine, such as triethylamine, in a suitable solvent such as toluene, at room 

15 temperature for about an hour. Reaction of the resultant intermediate with an appropriate 
hydrazine (RSNHNHs) for between 5 and 18 hours at room temperature may provide the 
compound of formula VI. 

Synthesis X 

20 




XXXX! 



XXXXII 



XXXXIII 
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VI 



Compounds of formula XXXXII may be prepared by the reductive alkylation of the 
protected carbonyl compound of formula XXXXI (P is typically benzyl), with a protected 
5 hydrazine (P2NHNH2), where P2 is preferably Boc, according to the methods described 
above. Subsequent removal of the nitrogen protecting group using standard methodology, 
such as protonolysis using trifluoroacetic acid in dichloromethane. according to the methods 
previously described, may provide the compound of formula XXXXIII. 

Compounds of formula XXXXIV may be prepared from the nithle compound of 
10 formula XXI, by initial protonolysis using hydrochloric acid, in a suitable solvent such as diethyl 
ether, and treatment of the resultant intermediate with an alcohol, preferably methanol, at 
room temperature. 

Alternatively, the imidate of formula XXXXIV may be prepared from the corresponding 
bromo compound, by treatment, for example, with an excess of 1,1,3,3-tetramethylguanidine 

15 and acetone cyanohydrin in a solvent such as acetonitrile, at room temperature. 

Compounds of formula VI, may be prepared by coupling the hydrazine of formula 
XXXXIII. with the imidate of formula XXXXIV. In a suitable solvent such as dichloromethane or 
methanol, and cyclising the resultant intermediate in the presence of an appropriate 
orthoester, typically thethylorthoacetate or triethylorthoformate, at reflux temperature. 

20 Alternatively, the compounds of formula V! may be prepared from the compounds of 

formula XXXXIII in a "one-pof procedure, by deprotection of the nitrogen group. P2. coupling 
the product with the imidate of formula XXXXIV, and then cyclising the intermediate, according 
to the methods described above. 

Compounds of formula VI may also be prepared according to one of the plethora of 

25 methods currently available. For example, the method of Lin et. Al (J. Org. Chem. 44; 23; 
1979; 4160), provides 1,2,4-triazoles from compounds of formula XXXIX by reaction with N.N- 
dimethylformamide dimethylacetal, and the appropriate hydrazine. Alternatively, treatment of 
the compound of formula XXXIX with Lawesson's reagent, followed by reaction of the resulting 
thioamide intermediate with an appropriate hydrazide according to the method of Bull et ai. 

30 (WO 9732873) may also provide compounds of formula VI. 
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in a further variation, nitrogen protected 4-piperidinamines (e.g. 1-benzyl-4- 
piperidinamine), may be treated with N,N-dimethylfornnamide azine (J.A.C.S. 1995; 117; 
5951), to provide compounds of formula VI. The reaction may be performed in a suitable 
solvent, such as toluene in the presence of an acid catalyst, such as p-toluenesulphonic acid, 
5 at room temperature for about 24 hours. 



PREPARATION 1 
Methyl 3-amino-3-phenvlpropanoate hydrochloride 




HCI 



3-Phenyl-p-alanine (13-Og, 78.8mmol) was dissolved in methanolic hydrochloric acid 
(200ml, 2.25M). The reaction was heated under reflux for 18 hours, then the cooled mixture 
was concentrated under reduced pressure to afford the title compound as a yellow oil, 16.9g. 

^H-NMR (400MHz, CD3OD) : 5 [ppm] 3.00-3.19 (2H, m), 3.72 (3H, s), 474 (1H. t), 
15 7.48 (5H, s) 

PREPARATION 2 
Methyl 3-f(cyclobutylcarbonvnamino1-3-Dhenylpropanoate 

O 




20 Cyclobutanecarbonyl chloride (6.91ml, 86.7mmol) was added dropwise to a solution 

of the title compound of preparation 1 (16. 9g, 78.8mmol) and triethylamine (24.2ml, 
173.4mmol) in dichloromethane (200ml) at 0°C. The reaction mixture was stirred for 56 hours 
at room temperature after which time the mixture was washed with water then brine, dried 
(MgS04), filtered and the solvent removed under reduced pressure to afford the title 
25 compound as a yellow oil, 20. 8g. 

^H-NMR (400MHz, CDCI3) : 5 [ppm] 2.00-2.10 (2H, m). 2.10-2.35 (4H, m), 2.80-3.00 
(2H, m), 3.03 (1H. m). 3.62 (3H, s), 5.42 (1H, m). 6.50 (1H, d), 7.25-7.35 (5H, m) 
LRMS : m/z 262 (MH*) 



30 



PREPARATION 3 
A/-(3-Oxo-1-phenvlproDyncyclobutanecarboxamide 
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O 

NH O 

Diisobutylaluminium hydride (42.1ml of a 1.0M solution in dichloromethane, 
42.1mmot) was added dropwise to a solution of the title compound of preparation 2 (S.Og, 
ig.lmmol) in dichloromethane (lOOml) at -78^C. The reaction mixture was stirred at this 
5 temperature for an hour, then methanol (5ml) pre-cooled to -78°C was added. The mixture 
was warmed to room temperature and washed with 2M hydrochloric acid, water, brine, dried 
(MgS04), filtered and the solvent evaporated under reduced pressure to afford the title 
compound as a yellow oil, 3.3g. 

'H-NMR (400MHz, CDCI3) : 5 [ppm] 1.81-2.35 (6H. m), 2.90-3.10 (3H, m), 5.50 (1H, 
10 m). 6.00 (1H. brd), 7.23-7.39 (5H, m), 9.75 (1H, m) 

LRMS : m/z232 (MH") 




PREPARATION 4 
Methyl (3S)-3-amino-3-phenvlpropanoate 




A solution of fert-buty! (3S)-3-amino-3-phenytpropanoate (5.04g, 22.9mmol) in 2.25M 
methanolic hydrochloric acid (100ml) was heated under reflux for 2 hours. The mixture was 
cooled to room temperature, basified with saturated sodium carbonate solution to pH 8 and 
the phases separated. The aqueous layer was extracted with dichloromethane (4x), the 
20 combined organic solutions were washed with brine, dried (MgS04), filtered and evaporated 
under reduced pressure to afford the title compound 3.97g. 

'H-NMR (400MHz, CDCI3) : 5 [ppm] 1.70 (2H, s), 2.66 (2H, d), 3.68 (3H, s), 4.43 (1H, 
t), 7.25-7.40 (5H, m) 

LRMS: m/z 180.3 (MH*). 

25 

PREPARATION 5 
Methyl (3S)-3-[(ferf-butoxvcarbonvnamino1-3-phenvlDropanoate 
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The title compound from preparation 4 (5.38g, 30mmol) and di-^e/t-butyl dicarbonate 
(8.72g, 40mmo!) in tetrahydrofuran (50ml) and 2N sodium hydroxide solution {25ml) were 
stirred at room temperature for 2 hours. The reaction mixture was diluted with ethyl acetate, 
5 the layers separated and the aqueous phase extracted with ethyl acetate (2x). The combined 
organic solutions were washed with water, brine, dried (MgS04), filtered and evaporated under 
reduced pressure to afford the title compound as a white solid, 8.39g. 

NMR (400 MHz. CDCI3): 5 [ppm] 1.41(9H, s), 2.84 (2H. m). 3.61 (3H, s), 5.10 (1H. 
bs). 5.41 (1H. bs), 7.22-7.36 (5H. m) 
10 LRMS: m/z279.7 (MH*) 



PREPARATION 6 
Methyl (3SV3-r(cvclobutvlcarbonvnamino1-3-phenvlDropanoate 




15 Obtained from the title compound of preparation 4 and cyclobutanecarbonyl chloride 

as a brown solid in 82% yield using a similar procedure to that in preparation 2. 

'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.81-2.06 (2H. m), 2.10-2.40 (5H, m), 2.82-3.08 
(2H, m). 3.62 (3H, s). 5.42 (1H. m). 6.42 (1H, d), 7.22-7.38 (5H, m) 



20 PREPARATION 7 

tert-BuM (1S)-3-oxo-1-DhenvlproDvlcarbamate 




Diisobutylaluminium hydnde (1M in dichloromethane, 60ml. 60mmo!) was cooled to - 
78°C and added dropwise to a solution of the title compound from preparation 5 (8.399, 
25 30mmol) in dichloromethane (150ml) at -78°C. The reaction was stirred for 90 minutes, then 



P60190 



-58 - 



methanol (pre-cooled to -78^C) (40ml) was added. The mixture was allowed to warm to room 
temperature and poured into 2M hydrochloric acid (200ml). The layers were separated and 
the aqueous phase extracted with dichloromethane (2x). The combined organic layers were 
dried (MgS04), filtered and evaporated under reduced pressure to afford the title compound 
5 as a white solid, 6.72g. 

NMR (400 MHz. CDCI3): 5 [ppm] 1.42 (9H, s), 2.86-3.00 (2H. m), 5.06 (1H. bs), 
5.20 (1H, bs), 7.22-7.38 (5H, m), 9.75 (1H, s) 
LRMS: m/z250.1 (MH*) 



10 PREPARATION 8 

/V-F(1 S)-3-Oxo-1-phenvlpropvl]cvclobutanecarboxamide 




Obtained from the title compound of preparation 6 as a brown oil in 82% yield using a 
similar procedure to that in preparation 7, 
15 'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.81-2.35 (6H, m), 2.90-3.10 (3H, m). 5.53 (1H, 

m), 5.98 (1H, br d). 7.23-7.39 (5H. m), 9.78 (1H, m) 



PREPARATION 9 
fe/t-Butvl (E)-3-(3-f]uorophenvl)-2-propenoate 




To a solution of 3-fluorobenzaldehyde (10. Og, 80mmol) In tetrahydrofuran (350ml) was 
added /e/^-butyl-2-(triphenylphosphoranylidene)acetate (27. 6g, 73mmol) in 1g portions over 30 
minutes. Upon the final addition, the mixture was heated under reflux for 10 minutes. The 
solvent was removed under reduced pressure and the solid residue was triturated with 
25 pentane (x2). The pentane extracts were combined and evaporated under reduced pressure. 
The residue was purified by filtration though a plug of silica gel using diethyl etherhexane 
(1:2) as eluant to afford the title compound as a colourless oil, 16. 2g. 

'H NMR (400 MHz, CDCI3): 5 [ppm] 1.52 (9H. s), 6.32-6.39 (1H. d), 7.00-7.06 (1H. m), 
7.16-7.21 (1H. m). 7.26-7.29 (1H, m), 7.29-7.37 (1H, m). 7.48-7.55 (1H. d) 



30 
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PREPARATION 10 

tert-Butv\ f3S)-3-fbenzvl[(1ffl-1-phenvlethvl1amino)-3-(3-f]uorophenvl)propanoate 




To a solution of (1f?)-A/-benzyl-1-phenyl-1-ethanamine (23. 1g, 109mmoi) in 
5 tetrahydrofuran (100mi) at -10 °C was added n-butyl lithium (66ml of a 1.6M solution in 
hexane, 105mmol) dropwise. The purple solution was stirred for 15 minutes, cooled to -78 °C 
and a solution of the title compound of preparation 9 (18.6g, 84mmol) in tetrahydrofuran 
(100ml) added dropwise. After stirring for 30 minutes the mixture was quenched with 
saturated ammonium chloride solution (100ml) and stirred to room temperature. The mixture 
10 was extracted with diethyl ether (x2) and the combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. The residue was dissolved in diethyl ether 
and washed with 1M citric acid (x2) then water, dried (MgS04), filtered and evaporated under 
reduced pressure. The pale yellow oily residue was purified by column chromatography on 
silica gel using a gradient elution of diethyl etherhexane (0:100 to 5:95) to afford the title 
15 compound as a colourless oil, 23. Og, 

'H NMR (400 MHz. CDCI3): 5 [ppm] 1.19-1.32 (3H, m). 1.23 (9H. s). 2.42-2.52 (2H, 
m). 3.68 (2H. s), 3.90-4.00 (1H. m). 4.35-4.42 (1H, m), 6.89-6.97 (1H, m). 7.10-7.35 (11H, m). 
7.35-7.42 (2H, m) 

LRMS: m/z 434.5 (MH") 

20 

PREPARATION 11 
Methyl (3S)-3-amino-3-(3-f]uorophenvl)propanoate 




F 



A mixture of the title compound of preparation 10 (23, Og, 53mmol), ammonium 
25 formate (33. 5g, 531mmol) and 20% palladium hydroxide on carbon (12.5g) were heated under 
reflux in ethanol for 30 minutes (500ml). The reaction was cooled and filtered through 
Arbocel® and the filtrate evaporated under reduced pressure. The residue (16. 3g. 68mmol) 
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was heated under reflux for 1 hour in methanolic hydrochloric acid (100ml, 2.25M). The 
mixture was evaporated under reduced pressure and the resulting solid triturated with ethyl 
acetate to afford the title compound as a white solid, 4.40g. 

NMR (400 MHz. CD3OD): 5 [ppm] 3.00-3.16 (2H. m), 3.71 (3H, s), 4.74-4.81 (1H, 
5 m), 7.13-7.23 (1H, m), 7.24-7.34 (2H, m), 7.44-7.53 (1H, m) 
LRMS: m/z 198.2 (MH*) 

PREPARATION 12 
Methyl (3S)-3-r(ferf-butoxvcarbonvl)amino1-3-(3-f1uorophenvi)propanoate 




To a suspension of the title compound of preparation 11 (3.81 g, 16.3mmol) in 
tetrahydrofuran (50ml) was added di-fe/t-butyl dicarbonate (4.26g, 1 9.5mmol) and 2M 
aqueous sodium hydroxide (20ml). The mixture was stirred for 16 hours at room temperature. 
The mixture was diluted with water and extracted with diethyl ether (x3). the combined organic 
15 solutions were dried (MgS04), filtered and evaporated under reduced pressure. The residue 
was purified by recrystallisation from hexane to afford the title compound as a white solid, 
4.10g. 

'H NMR (400 MHz. CHCI3): 5 [ppm] 1.40 (9H. s), 2.76-2.89 (2H. m). 3.63 (3H, m). 
5.01-5.13 (1H, m), 5.42-5.65 (1H, bs), 6.90-6.97 (1H, m), 6.97-7.02 (1H, m), 7.03-7.10 (1H. 
20 m), 7.26-7.32 (1H, m) 

PREPARATION 13 
1 -(te/t-ButoxvcarbQnvn-3-azetidinecarboxvlic acid 




25 



Di-fe/t-butyl dicarbonate (3.02g, 13.8mmol) was added to a suspension of 3-azetidine 
carboxylic acid (I.OOg, lO.Ommol) and potassium carbonate (1.80g, 13.0mmol) in water 
(18ml) and dioxane (18mi) at 0°C and allowed to warm to room temperature. The reaction 
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was stirred for 15 hours and concentrated under reduced pressure. The residue was acidified 
to pH 4 by the addition of 1M citric acid solution and extracted with dichloromethane (x3). The 
combined organic solutions were washed with water and brine, dned (MgS04), filtered and 
evaporated under reduced pressure to afford the title compound as a white solid, 2.10g. 
5 NMR (400 MHz. CDCI3): 5 [ppm] 1.44 (9H. s), 3.38 (1H, m). 4.14 (4H, d) 



PREPARATION 14 

1 -Acetyl-S-azetidinecarboxylic acid 

10 3-Azetidine carboxylic acid (2.25g, 22.2mmol) and acetic anhydride (80ml) were 

heated gently until all of the acid had dissolved. The reaction was stirred at room temperature 
for 18 hours and then the acetic anhydride was removed under reduced pressure. Water was 
added and evaporated under reduced pressure. The residue was dissolved in hot ethyl 
acetate and filtered whilst hot and the filtrate was evaporated under reduced pressure to afford 
15 the title compound as a white solid, 1.54g. 

NMR (400MHz. CD3OD): 6 [ppm] 1.84 (3H, s). 3.37-3.50 (1H. m), 4.00-4.09 (1H. 
m), 4.12-4.18 (1H, m). 4.23-4.41 (2H, m) 
LRMS: m/z 142.1 (MH"") 



20 PREPARATION 15 

1 -f(teyt-Butoxvcarbonvl)amino]cvclopentanecarboxvlic acid 

V 

1-Amlnocyclopentanecarboxylic acid (I.OOg, 7.74mmol), di-te/t-butyl dicarbonate 
(3.85g, 17.6mmoi) and potassium carbonate (2.28g, 16.5mmol) were stirred together for 16 
25 hours at room temperature in dioxane (20ml) and water (20ml). The solvents were removed 
under reduced pressure and the residue acidified with 1M citric acid solution and extracted 
with dichloromethane (x3). The organic solutions were dried (MgS04), filtered and evaporated 
under reduced pressure to yield an oil which crystallized on standing, this was triturated with 
hexane to afford the title compound as a white solid, 1.26g. 
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NMR (400 MHz, CDCI3): 5 [ppm] 1.4 (9H, s), 1.74-1.81 (4H, m). 1.85-1.97 (2H, m), 
2.20-2.32 (2H, m). 



PREPARATION 16 
4-(MethoxYmethvlene)tetrahvdro-2H-pvran 
.0^ 




O 

Tetrahydro-4H-pyran-4-one (S.OOg, SOmmol) was dissolved in tetrahydrofuran (250 
ml) and cooled in an ice-water bath, To this solution was added n-butyl lithium (24ml of a 2.5M 
solution in hexane, 60 mmol) and the reaction mixture was then allowed to warm to room 

10 temperature and stirred for 1 hour. This was then cooled to 0°C and a solution of 
(methoxymethyl)triphenyl phosphonium chlonde (25. 6g, 75mmol) in tetrahydrofuran (10 ml) 
was added and the reaction stirred for 30 minutes. The reaction mixture was then 
concentrated under reduced pressure and the residue triturated with diethyl ether (10x), 
decanting the supernatant each time. The combined supernatants were then evaporated 

15 under reduced pressure. The residue was purified by column chromatography on silica gel 
using an elution gradient of pentane:ethyl acetate (95:5 to 90:10) to provide the title 
compound, 1.80g. 

NMR (300 MHz, CDCI3): 5 [ppm] 2.05 (2H. t), 2.30 (2H, t). 3.50 (3H, s). 3.60 (4H, 
m), 5.80 (1H, s). 
20 LRMS: m/z 146 (MNH/) 



PREPARATION 17 
Tetrahvdro-2H-pvran^-carboxvlic acid 




25 To a stirred solution of the title compound of preparation 16 (I.BOg, 14.0mmol) in 

acetone (30 ml) was added 1M hydrochloric acid (1 ml) at room temperature and the mixture 
stirred for 3 hours. The solution was then diluted with additional acetone and Jones' reagent 
added until the solution became permanently brown. The reaction mixture was then 
evaporated under reduced pressure and the residue purified by column chromatography on 

30 silica gel using ethyl acetate: pentane (75:25) as eluant to afford the title compound as a white 
solid. 1.18 g. 
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NMR (400 MHz, CDCI3): 6 [ppm] 1.85 ( 4H, m), 2.55 ( 1H, m). 3.45 ( 2H. m), 3.99 ( 
2H. m), 11.10 ( 1H. bs) 

LRMS: m/z 129 (M-H') 



5 PREPARATION 18 

1-Hvdroxvcvclobutanecarboxvlic acid 




n-Butyllithium (96ml of a 2.5M solution in hexane, 240mmol) was added dropwise to a 
tetrahydrofuran (400ml) solution of di/sopropylamine (34ml, 240mmol) at -78°C. The reaction 

10 was warmed to 0°C and a solution of cyclopentanecarboxylic acid (6.64g, 66mmol) in 
tetrahydrofuran (100ml) was added dropwise. The reaction was allowed to warm to room 
temperature and stirred for 6 hours. The reaction was cooled to 10°C and oxygen bubbled 
through for 15 minutes and stirred for 1 hour, 10% aqueous sodium sulphite was then added 
in one portion and the reaction warmed to room temperature. The reaction was diluted with 

15 water (200ml) and extracted with ether (5x). The combined organic solutions were dried 
(MgS04), filtered and evaporated under reduced pressure to afford the title compound as a 
white solid, 1.16 g. 

'H NMR (300 MHz, CDCI3): 5[ppm] 198 (2H. m). 2.34 (2H, m), 2.56 (2H, m). 6.35 

(1H, bs) 

20 LRMS: m/z 231 (2M-H') 



PREPARATION 19 
1 -Methoxvcyclobutanecarboxylic acid 




25 Sodium hydride (60% dispersion in oil, 1.20g, 30mmol) was added in one portion to a 

tetrahydrofuran (100ml) solution of the title compound of preparation 18 (1.16g, lOmmol) and 
iodomethane (1.86ml, 30mmol) at 0°C. The reaction was allowed to warm to room 
temperature and stirred for 5 days. The solvent was removed under reduced pressure and 2M 
hydrochloric acid (100ml) added. The aqueous mixture was extracted with diethyl ether (3x) 

30 and the combined organic solutions dried (MgS04). filtered and evaporated under reduced 
pressure to afford a clear oil. The oil was purified by column chromatography on silica gel 
using dichloromethane:methanol:acetic acid (90:10:1) as eluant to afford the title compound 
as an orange solid, 1 . 11 g. 
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H NMR (300 MHz, CDCI3): 5[ppm] 1.98 (2H, m). 2.28 (2H, m), 2.54 (2H, m), 3.38 



(3H, s) 



5 



PREPARATION 20 



1 -(2,2.2-Trif1uoroacetvl)-4-piperidinecarboxvlic acid 




O 



Trifluoroacetic anhydride (32. 5g, 155mmol) was added dropwise to a suspension of 4- 
piperidinecarboxylic acid (16. 7g. 130mmol) in dichloromethane (900ml) at 0°C and stirred for 
10 12 hours. The reaction nnixture was washed with water and brine, dried (MgS04), filtered and 
evaporated under reduced pressure to afford the title compound as a white solid, 10.0 g. 



NMR (300 MHz, CDCI3): 5[ppm] 1.80 (2H, m), 2.05 (2H, m), 2.65 (1H, m). 2.80 
(1H, m), 3.10 (1H, m), 3.30 (1H, m), 3.95 (1H, m), 4.30 (1H. m) 
LRMS: m/z 224 (M-H") 



20 /V-hydroxy-acetamidine (362mg, 4.88mmol) [Chem. Ber., (1884), 17, 2746] and 1-(3-dimethyl 
aminopropyl)-3-ethylcarbodiimide hydrochloride (1.02g. 5.33mmol) in dichloromethane (20ml) 
and the reaction stirred at room temperature for 18 hours. The mixture was then washed with 
water and brine, dried (MgS04), filtered and evaporated under reduced pressure to afford a 
clear oil. This intermediate was dissolved in toluene (30mi) and heated under reflux with 

25 continuous removal of water for 18 hours. The cooled solution was evaporated under reduced 
pressure and the residue purified by column chromatography on silica gel using ethyl 
acetate:hexane (50:50) as eluant to afford the title compound as an oil, 580mg. 



'H-NMR (300MHz, CDCI3) : 6 [ppm] 1.88-2.05 (2H, m), 2.20 (2H, m), 2.40 (3H. s), 
3.13-3.48 (3H, m). 4.01 (1H. d). 4.37 (IN, m) 



15 



PREPARATION 21 



2.2.2-Trif]uoro-1-f4-(3-methvl-r2.4-oxadiazol-5-vlV1-piperidinvn-1-ethanone 




O 



The title compound from preparation 20 (I.OOg. 4.44mmol) was added to a solution of 
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PREPARATION 22 

2.2,2-Trif]uoro-1-f4-(3-phenvl-1.2.4-oxadiazol-5-vl)-1-piperidinvl1-1-ethanone 




O 



5 Obtained from the titie compound of preparation 20 and A/"- 

hydroxybenzenecarboximidamide [Tetrahedron, (1997), 53(5), 1787-1796] as a brown oil in 
82% yield using a similar procedure to that in preparation 21. 

'H-NMR (300MH2, CDCI3) : 5 [ppm] 2.04 (2H, m), 2.26 (2H, m), 3.20-3.51 (3H, m), 
4.08 (1H. m), 4.20 (1H, m). 7.49 (3H. m), 8.09 (2H. m) 
10 LRMS : m/z 343 (MNH/) 



PREPARATION 23 

144-f((Amino(4-methoxvphenvnmethvlidene1amino>oxv)carbonvl1-1-piperidinvlV2.2,2- 

trifluoro-1-ethanone 




N-Methylmorpholine (0.32ml, 2.92mmol), 4-dimethylaminopyridine (81 mg, 0.66mmol) 
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (306mg. 1.59mmol) were 
added to a suspension the title compound from preparation 20 (299mg, 1.33mmol) and N- 
hydroxy-4-methoxybenzamidine [Chem. Ber, (1889), 22, 2791] (268mg, 1.33mmol) in 

20 dichloromethane (20ml), and the reaction stirred at room temperature for 40 minutes. The 
reaction mixture was washed with 1M citric acid solution, saturated aqueous sodium 
bicarbonate solution, water and brine, dried (MgS04), filtered and evaporated under reduced 
pressure to afford the title compound as a yellow foam, 320mg. 

'H-NMR (300MHz, CDCI3) : 6 [ppm] 1.94 (2H, m), 2.11 (2H, m), 2.88 (1H, m), 3.16 

25 (1H. m). 3.35 (1H, m), 3.61 (3H, s), 4,02 (1H, m), 4.37 (1H, m), 4.99 (2H, s), 6.94 (2H. d), 7.64 
(2H, d) 

LRMS : m/z 391 (MNH/) 



PREPARATION 24 
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2.2.2-Trifluoro-1-f4-|3-(4-iTiethoxvphenvn-1.2.4-oxadiazol-5-vl)-1-piperidinvn-1- 

ethanone 




o ^ — ' o- 

A solution of the title compound of preparation 23 (317mg, 0.85mnnol) in toluene 
5 (65ml) was heated under reflux with continuous removal of water for 18 hours, and the cooled 
mixture concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel, using an elution gradient of 
pentane:dichloromethane:methanol:0.88 ammonia (50:50:0:0 to 0:98:1:0.3) to afford the title 
compound, as a clear oil, 197mg. 
10 'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.98-2.15 (2H, m), 2.26 (2H, m), 3.22-3.52 (3H, 

m), 3.88 (3H, s), 4.06 (1H, m). 4.39 (1H, m). 7.00 (2H, d). 8.01 (2H, d) 
LRMS : m/z 356 (MH"") 

PREPARATION 25 

15 2,2.2-Trifluoro-1-f4-(3-Benzvl-1.2.4-oxadiazol-5-vl)-1-piperidinvl1-1-ethanone 




Obtained from the title compounds of preparations 20 and 56 as an oil in 11% yield 
using a similar procedure to that in preparation 21. 

^H-NMR (300MHz, CDCI3) : 5 [ppm] 1.81-2,02 (2H. m). 2.18 (2H. m), 3.09-3.42 (3H, 
20 m). 3.94-4.08 (3H. m), 4.36 (1H. m), 7.31 (5H, m) 
LRMS : m/z 357 (MM"") 

PREPARATION 26 
1 -(terf-Butvl)-4-ethvl-1 .4-piperidinedicarboxvlate 



25 
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1M Sodium hydroxide solution (50ml, 50.0mmol) was added to a solution of ethyl 4- 
pipehdinecarboxylate (10. Og, 63.6mmol) and di-ferf-butyl dicarbonate (16.7g, 76.3mmol) in 
dioxane (50ml). The reaction mixture was stirred at room temperature for 3 hours, the solvent 
was evaporated under reduced pressure and the residue acidified with 2M hydrochloric acid. 
5 The aqueous solution was extracted with ethyl acetate (x3), the combined organic extracts 
were washed with brine, dried (MgS04), filtered and evaporated under reduced pressure to 
afford the title compound as a colourless oil, 16. 7g. 

^H-NMR (300MHz, CDCI3) : 6 [ppm] 1.23 (3H, t), 1.47 (9H, s), 1.58-1.71 (2H, m), 1.83 
(2H, m), 2.45 (1H, m). 2.78-2.88 (2H. m), 4.09 (2H, m), 4.15 (2H, q) 
10 LRMS : m/z258 (MH*) 



PREPARATION 27 
tert-BuM 4-(hvdrazinocarbonvi)-1 -piperidinecarboxvlate 

0 

15 Hydrazine hydrate (5ml) was added to a solution of the title compound of preparation 

26 (4.96g, 19.3mmol) in methanol (50ml) and the reaction heated under reflux for 48 hours. 
The cooled mixture was evaporated under reduced pressure, and the residue purified by 
column chromatography on silica gel using ethyl acetate: methanol (95:5) as eluant to afford 
the title compound as a white crystalline solid, 3.72g. 

20 ^H-NMR (300MHz. CDCI3) : 5 [ppm] 1.40-1.58 (9H, bs). 1.60-1.85 (4H. m), 2.20-2.33 

(1H. m), 2.62-2.85 (2H, m), 4.15 (2H, m) 
LRMS : m/z 243 (MH"") 



PREPARATION 28 

25 fe/t-Butyl 4-Famino(hvdroxvimino)methvl]-1 -piperidinecarboxvlate 

NH, 

o 

A mixture of fe/t-butyl 4-cyano-1-piperidinecarboxylate (2.69g, 12.8mmol), 
hydroxylamine hydrochloride (4.45g, 64mmol) and sodium carbonate (6.78g, 64mmol) in 
water (40ml) and methanol (40ml) was heated under reflux for 5 hours. The cooled mixture 
30 was concentrated under reduced pressure and the remaining aqueous solution extracted with 
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ethyl acetate (3x). The combined organic extracts were washed with water and bhne, dned 
(MgS04), filtered and evaporated under reduced pressure to afford the title compound as a 
white solid, 2.60g. 

'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.38-1.62 (11H. m), 1.80 (2H, m), 2.26 (2H, m), 
5 2.76 (2H, m), 4.16 {2H, m), 4.58 (2H, s) 

PREPARATION 29 

ferf-Butyl 4-{aminoi(benzovioxy)iminoimethvD-1-piperidinecarboxviate 

.0. 



20 




o 

10 N-methylmorpholine (I.OSml, 9.86mmol), benzoic acid (1.10g. 9.04mmol), 4- 

dimethylaminopyridine (502mg, 4.11mmol) and 1-(3-dimethylaminopropyl)-3-ethyfcarbodiimide 
hydrochlohde (1 .89g, 9.86mmol) were added to a solution of the title compound of preparation 
28 (2.00g, 8.22mmol) In dichloromethane (100ml), and the reaction stirred at room 
temperature for 16 hours. The mixture was washed with 1M citric acid solution, saturated 

15 aqueous sodium bicarbonate solution, water and brine, dried (MgS04), filtered and evaporated 
under reduced pressure to afford the title compound as a white foam, 1.84g. 

'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.46 (9H, s). 1.57-1.72 (2H. m), 1.94 (2H. m), 
2.60 (1H, m), 2.78 (2H. m), 4.23 (2H, m), 4.80 (2H, s), 7.46 (2H. m). 7.58 (1H, m), 8.02 (2H, 
d) 



PREPARATION 30 

fe/t-Butyl 4-(amino(r(2-phenvlacetvl)oxv1imino)methvl)-1-piperidinecarboxvlate 

NH, 





Obtained from the title compound of preparation 28 and phenylacetic acid as a white 
25 foam in 69% yieid using a similar procedure to that in preparation 29. 

'H-NMR (300MHz, CDCI3) : 5 [ppm] 1.45 (9H, s). 1.55 (2H, m), 1.82 (2H. m), 2.44 
(1H, m), 2.72 (2H. m). 3.78 (2H, s). 4.19 (2H, m), 4.51 (2H, s), 7.31 (5H, m) 



PREPARATION 31 



-69 - 



te/t-Buty! 4-(3-methvl-1 ,2.4-Qxadiazol-5-vO-1 -piperidinecarboxylate 



y- 



o 




o 



Glacial acetic acid (0.67ml, 11.7mmol). 1-(3-dimethyl aminopropyl)-3- 
ethylcarbodiimide hydrochloride (2.46g, 12.8mmol), 4-dimethylaminopyridine (635mg, 
5.54mmol) and N-methylmorpholine (1.41 mi, 12.8mmol) were added to a solution of the title 
compound of preparation 28 (2.60g, 10.7mmol) in dichloromethane (100ml) and the reaction 
stirred at room temperature for one hour. The reaction was washed with 1M citric acid 
solution, aqueous saturated sodium bicarbonate solution, water, dried (MgS04), filtered and 
evaporated under reduced pressure to give a yellow oil. A solution of this product in toluene 
(30ml) was heated under reflux for 24 hours, then cooled. The solution was evaporated under 
reduced pressure and the residue purified by column chromatography on silica gel, using ethyl 
acetate:pentane (50:50) as eluant to afford the title compound as a clear oil, 1 .10g. 

^H-NMR (300MHz. CDCI3) : 5 [ppm] 1.47 (9H. s), 1.66-1.81 (2H, m), 1.98 (2H, m). 
2.58 (3H, s), 2.92 (3H. m), 4.12 (2H, m) 

LRMS : m/z268 (MH)* 



were prepared from the corresponding amidoxime esters using similar methods to 
that described in preparation 24. 



PREPARATIONS 32 to 33 



The compounds of the following tabulated preparations: 
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Preparation 


R 


Data 






^H-NMR (300MH2, CDCI3) : 5 [ppm] 1.49 
(9H, s), 1.80-1.96 (2H. m), 2.07 (2H, m), 2.92-3.10 
(3H, m), 4.18 (2H. m), 7.46-7.61 (3H, m), 8.16 (2H, 
d) 

LRMS : m/z 330 (MH)' 


33^ 




^H-NMR (300MHz. CDCI3) : 5 [ppm] 1.46 
(9H, s). 1.68-1.83 (2H. m). 2.00 (2H, m). 2.94 (3H, 
m), 4.14 (2H, m), 4.20 (2H, s), 7.18-7.38 (5H, m) 

LRMS : m/z 344 (MH)* 



1 = isolated without column chromatography 



5 PREPARATION 34 

terf-ButvM-(5-methvl-1,3,4-oxadiazo!-2-vl)-1-piperidinecarboxvlate 




O 



Ethyl acetimidate hydrochioride (2.35g, 19.0mmol) was added to a solution of the title 
compound of preparation 27 (1.83g, 7.60mmol) in ethanol (30ml). The reaction mixture was 
10 heated under reflux for 18 hours and then cooled, filtered and the filtrate evaporated under 
reduced pressure. The residue was purified by column chromatography on silica gel using an 
eiution gradient of dichloromethane:methanol:0.88 ammonia (99:1:0.1 to 95:5:0.0.5) to afford 
the title compound as a clear oil (1 .62g). 

^H-NMR (300MHz, CDCI3) : 5 [ppm] 1.45 (9H, s), 1.70-1.85 (3H, m), 2.04 (2H, m). 
15 2.50 (3H, s), 2.92-3.06 (2H. m), 4.08 (2H, m) 
LRMS : m/z 290 (MH"") 



PREPARATION 35 
fe/t-Butyl 4-(5-phenvl-1.3.4-oxadiazol-2-vlV1-piperidinecarboxvlate 
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Obtained from the title compound of preparation 27 and ethylbenzimidate 
inydrochloride as a white solid In 69% yield using a similar procedure to that in preparation 34. 
LRMS : m/2 330 (MH") 



PREPARATION 36 
ferf-Butyl 4-(5-Benzvl"1.3.4-oxadiazol-2-vl)-1-piperidinecarboxvlate 




Obtained from the title compound of preparation 27 and ethyl 2-phenylacetimidate as 
10 an oil in 99% yield using a similar procedure to that in preparation 34. 

^H-NMR (300MHz, CDCI3) : 5 [ppm] 1.45 (9H, s), 1.68-1.82 (2H, m), 2.00 (2H, m), 
2.84-3.06 (3H, m), 4.01-4.19 (4H, m), 7.22-7.40 (5H. m) 



PREPARATION 37 

15 4-(3-Phenvl-1.2.4-oxadiazol-5-vnDiperidine 




O— N 



A mixture of the title compound of preparation 22, (520mg, I.SOmmol), and sodium 
hydroxide (96mg, 2.40mmol) in ethanol (10ml) was stirred at room temperature for 2 hours. 
The reaction was evaporated under reduced pressure and the residue triturated with ethyi 
20 acetate and dichloromethane. The suspension was filtered, and the filtrate evaporated under 
reduced pressure to afford the title compound as a white solid, 340mg. 

'H-NMR (300MH2, CD3OD) : 5 [ppm] 1.78-1.92 (3H. m). 2.13 (2H. m), 2.77 (2H. t). 
3.02-3.35 (3H, m). 7.48 (3H, m), 8.04 (2H, m) 
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LRMS : m/z 230 (MH*) 



PREPARATION 38 
4-|3-(4-Methoxvphenvl)-1.2.4-oxadiazol-5-vl)piperidine 

11 




HN 

5 

Obtained from the title compound of preparation 24 in quantitative yield using a similar 
procedure to that in preparation 37, except the product was isolated without trituration. 
LRMS : m/z 260 (MH*) 



10 PREPARATION 39 

4-(3-Benz^Y^I-1 .2,4-oxadiazoi-5-vl)piperidine 




Obtained from the title compound of preparation 25 as an oil in 99% yield using a 
similar procedure to that in preparation 37. 
15 NMR (300 MHz. CDCI3): 6 [ppm] 1.80 (2H. m), 2.05 (2H, m), 2.75 (2H, m), 3.05 

(1H, m). 3.15 (2H, m), 4.05 (2H, s), 7.35 {5H, m) 

LRMS : m/z 244 (MH*) 



PREPARATION 40 

20 4-(5-Methvl-1 ,2.4-oxadiazol-3-vnpiDendlne hydrochloride 




Hydrogen chloride gas was bubbled through an Ice-cold solution of the title compound 
of preparation 31 (1.1 Og. 4.12mmol) in dichloromethane (30ml) for 30 minutes. The reaction 
mixture was evaporated under reduced pressure and the resulting solid triturated with ether. 
25 The solid was filtered and dried to afford the title compound as a white solid, 670mg. 
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'H-NMR (300MHz. CD3OD) : 5 [ppm] 1.95-2.08 (2H, m). 2.25 (2H. m), 2.58 (3H. s), 
3.19 (3H, m), 3.44 (2H. m) 

LRMS : m/z 168 (MH") 

PREPARATIONS 41 to 44 
The compounds of the following tabulated preparations: 



HN 




HCl 



were prepared from the corresponding ferf-butyi piperidinecarboxylates, using sinnilar 
methods to that described in preparation 40. 



Prepar 
ation 


R 


Data 


1 


N-O 


'H-NMR (300MHz, CD3OD) : 5 [ppm] 2.03- 
2.19 (2H, m), 2.35 (2H, m), 3.15-3.29 (4H, m), 3.52 
(2H, m), 7.55-7.71 (3H. m), 8.14 (2H, m) 

LRMS : m/z 230 (MH*) 


2 




'H-NMR (300MHz, CD3OD) : 6 [ppm] 1.92- 
2.10 (2H, m), 2.28 (2H, m), 3.09-3.30 (3H, m), 3.44 
(3H, m), 4.24 (2H, s), 7,22-7.39 (5H,m) 

LRMS : m/z 244 (MH*) 


3 


// 

N-N 


LRMS : m/z 168 (MH* ) 


4 




'H-NMR (300MHz. CD3OD) : 1.87-2.17 
(3H, m), 2.34 (1H, m), 3.01-3.23 (2H, m), 3.31- 
3.50 (4H. m). 3.64 (1H, m). 4.25 (1H, S), 7.29 (5H, 
m) 



10 



PREPARATION 45 
4-(5-Phenvl-1.3.4-oxadiazol-2-vnpiperidine 



HN 




N-N 



15 The title compound was prepared by a similar method to preparation 40 from the title 

compound of preparation 35. The crude product was basified with 0.88 ammonia and purified 
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by column chromatography on silica gel using a solvent gradient of 
dichloromethane:methanol:0.88 ammonia (95:5:1 to 90:10:1) to afford the title compound as 
an oil, 300mg. 

'H-NMR (300MH2. CDCI3) : 5 [ppm] 1.66-1.95 (3H, m), 2.47 (2H, d), 2.78 (2H, t), 
5 3.02-3.24 (3H, m). 7.43 (3H, m). 8.00 (2H, m) 
LRMS : m/z230 (MH") 

PREPARATION 46 
2-(3-Aminophenvl)acetonitrile 



10 




3-Nitrophenylacetonitriie (6.87g, 42mmoi) and tin(ll)chlonde dihydrate (50g, 220mmo!) 
in ethyl acetate (125mi) were stirred at room temperature for 72 hours. The reaction was 
diluted with ethyl acetate and saturated aqueous sodium bicarbonate solution was added. The 
resulting precipitate was filtered off and the filtrate extracted with ethyl acetate (3x). The 
15 combined organic solutions were dried (MgS04), filtered and evaporated under reduced 
pressure to afford the title compound as a pale yellow oil, 5.33g. 

NMR (400 MHz, CDCI3): 5 [ppm] 3.59 (2H. s), 3.78 (2H, bs), 6.57-6.63 (3H, m), 
7.09-7.15 (1H, m) 

LRMS: m/2 132 (MH") 

20 

PREPARATION 47 
A/-r4-(Cvanomethvl)phenvnmethanesulphonamide 




Methanesulphonyl chloride (3.22ml, 41.6mmol) was added dropwise to a solution of 4- 
25 aminobenzylcyanide (S.OOg, 37.8mmol) and triethylamine (5.79ml, 41.6mmol) in 
dichloromethane (30ml). The reaction mixture was stirred for 1 hour and then poured onto 
water, the organic layer was separated, dried (MgS04), filtered and the solvent removed under 
reduced pressure to afford the title compound as a pale orange solid, 6.50g. 

NMR (400 MHz, CDCI3): 5 [ppm] 3.05 (3H, s), 3.79 (2H, s), 6.60 (1H, s), 7.21 (2H, 
30 d), 7.35 (2H, d) 

LRMS: m/z 228 (MNH/) 

PREPARATIONS 48 to 49 
The compounds of the following tabulated preparations: 
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o 

were prepared from the corresponding anilines, using sinnilar methods to that 
described in preparation 47 



PREPAR 
ATI ON 


R 


YIELD 


DATA 


48 




88% 


'H NMR (400 MHz, CDCI3): 5 [ppm] 3.08 
(3H, s), 3.99 (2H, s), 6.30 (1H, s), 7.31 (3H, m), 
7.55 (1H, dd) 

LRMS; m/z228 (MNH/) 


49 




84% 


'H NMR (400 MHz, CDCI3): 5 [ppm] 3.10 
(3H. s). 3.71 (2H, s), 7.10-7.18 (1H, m). 7.21 (1H. 
s), 7.32-7.40 (3H, m) 

LRMS: m/z 228.2 (MNH/) 



5 



PREPARATION 50 

3-(Cvanomethvl)benzenesulfonamide 




10 A solution of the title compound of preparation 46 (5.00g, 37.8mmol) in concentrated 

hydrochloric acid (13m!) and glacial acetic acid (38ml) was cooled to 0°C and sodium nitrite 
(2.80g, 40.5mmol) in water (4ml) was added dropwise. Once the addition was complete a 
suspension of copper(l)chloride (1.50g, 15.0mmol) and sulphur dioxide (10. Og) in glacial 
acetic acid (30ml) was added and the reaction stirred for 1 hour at 0°C. The reaction was 

15 poured onto ice and the yellow solid collected by filtration, dissolved in 0.88 ammonia (30ml) 
and stirred for 1 hour. The title compound was collected by filtration as a yellow solid and dried 
under vacuum, 5.80g. 

'H NMR (300 MHz, DMSOdg): 5 [ppm] 4.18 (2H, s), 7.34 (2H, br s). 7.58 (2H, m). 7.78 

(2H, m) 

20 LRMS: m/z 214 (MNH/) 



PREPARATION 51 
Methvl-3-(cvanomethvl)benzoate 
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O 

1,1,3,3-Tetramethyiguanidine (3.21ml, 25.6mmol) was added dropwise to a solution of 
methyl 3-bromomethylben2oate (2.80g, 12.2mmol) and acetone cyanohydrin (1.59ml, 
18.3mmol) in acetonitrile (40ml) at room temperature. The reaction was stirred for 3 days and 
5 the solvent then removed under reduced pressure. The resulting brown oil was purified by 
column chromatography on silica gel using ethyl acetate: pentane (50:50) as eluant to afford 
the title compound as a clear oil, 1 .80g. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 3.79 (2H, s), 3.93 (3H, s), 7.48 (1H, dd), 7.58 (1H, 
d). 8.02 (2H, m) 
10 LRMS: m/z 198 (MNa*) 

PREPARATION 52 
3-(Cvanomethvl)ben20ic acid 




OH 

15 Sodium hydroxide (822mg, 20.6mmol) was added in one portion to a solution of the 

title compound of preparation 51 (1.80g, 10.3mmol) in tetrahydrofuran (6ml) and water (2ml) 
at room temperature. The reaction was stirred for 5 hours and then poured onto 2M 
hydrochloric acid (20ml) and the aqueous extracted with dichloromethane (3x). The combined 
organic extracts were dried (MgS04), filtered and the solvent evaporated under reduced 

20 pressure to give the title compound as a white solid, 1.45g. 

NMR (300 MHz, CDCI3): 6 [ppm] 3.79 (2H. s), 7.48 (1H, dd). 7.61 (1H, d), 8.03 

(2H. m) 

LRMS: m/z 160 (M-H") 

25 PREPARATION 53 

Methvi-4-(cvanomethvl)benzoate 
N 
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Obtained from methyl 4-(bromomethyl)benzoate as a yellow solid in 77% yield using a 
similar procedure to that in preparation 51. 

NMR (400MHz. CDCI3): 5 [ppm] 3.80 (2H, s), 3.93 (3H, s), 7.20 (2H, d), 8.17 (2H, 

d) 

5 

PREPARATION 54 
4-(Cvanomethvnbenzoic acid 

HO^ 




N 

Obtained from the title compound of preparation 53 as a yellow solid in 97% yield 
10 using a similar procedure to that In preparation 52. 

NMR (400MHz. CD3OD): 5 [ppm] 3.98 (2H. s), 7.49 (2H. d). 8.02 (2H. d) 
LRMS: m/z 160.0 (MK) 

PREPARATION 55 
15 4-(Cvanomethvnbenzamide 




N 

The title compound of preparation 54 (9.66g, 60mmol), was dissolved in 
dichloromethane (250ml) and cooled to O^'C. Oxalyl chloride (5,34ml, 61mmol). was added 
followed by the dropwise addition of A/,A/-dimethylformamide (0.25ml). The reaction was 
20 stirred at room temperature for 2 hours and then evaporated under reduced pressure to afford 
a yellow solid. This residue was dissolved in tetrahydrofuran (100ml) and 0.88 ammonia (5ml) 
added dropwise. After stirring for a further 10 minutes the resulting precipitate was filtered off 
to afford the title compound as a white solid, 6.74g. 

^H NMR (400MHz, CD3OD): 5 [ppm] 3.97 (2H, s), 7.48 (2H, d). 7.89 (2H. d) 
25 LRMS: m/z 161.1 (MH*) 
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PREPARATION 56 



A/'-Hvdroxv-2-phenvlethanimidamide 



N 




Phenyl acetonitrile (20g, 170mmol), hydroxylamine hydrochloride (60g, 850mmo!) and 
sodium carbonate (71g, SSOmnnol) were heated under reflux in methanol (300 ml) and water 
(300 ml) for 5 hours. The reaction mixture was cooled to room temperature, filtered and the 
filtrate was evaporated and extracted with dichloromethane (3x). The combined organic 
solutions were washed with water and brine, dried (MgS04), filtered and concentrated under 
reduced pressure to give the title compound as a white solid, 1 5.5g. 

NMR (300 MHz, CDCI3): 5 [ppm] 3.70 (2H, s), 7.30 (5H, m) 

LRMS: m/z 151 (MH"") 



were prepared from the corresponding commercial nitriles, using similar methods to 
that described in preparation 56. 



PREPARATIONS 57 to 63 



The compounds of the following tabulated preparations: 




OH 
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PREPARA 
TION 


R 


YIELD 


DATA 


57 




90% 


NMR (300 MHz. CDCI3): 6 [ppm] 3.43 (2H, 
s). 4.47 (2H. s), 7.01 (2H, m). 7.24 (2H, m) 8.14 (1H, 
s) 

LRMS: m/z 169.0 (MH^) 




F 




58 


6 


48% 


NMR (300 MHz, DMSOde): 5 [ppm] 2.30 
(4H. m). 2.80 (2H, s). 3.55 (4H. m), 5.2 (2H, bs), 8.95 
(1H, s) 


59 


A' 


91% 


^H NMR (400MHz, CDCI3): 5 [ppm] 1.60 (1H, 
s), 3.46 (2H. s), 4.56 (2H, s), 6.80-7.18 (3H, m) 
LRMS; m/z 187.2 (MH*) 


60 




61% 


'H NMR (400MHz, CDCh): 5 [ppm] 1.60 (1H. 
s), 3.42 (2H, s), 4.46 (2H. s), 6.80 (2H. m), 7.10-7.30 
(1H, m) 

LRMS: m/z 187.3(MH'') 


61 


1 


58% 


'H NMR (400MHz. CDCI3): 5 [ppm] 1.66 (1H, 
s), 3.54 (2H, s). 4.60 (2H, s), 6.90 (2H. m). 7.10 (1H, 
m) 

LRMS: m/z 187.2 (MH'') 








62 


i 


36% 


^H NMR (400MHz, DMSOde): 5 [ppm] 3.12 
(2H, s). 5.32 (2H, s), 5.94 (2H, s), 6.71 (1H. d), 6.75- 
6.85 (2H, m), 8.85 (1H, s) 

LRMS: m/z 195.0 (MH^) 


63 


0CF3 


68% 


'H NMR (400MHz, CD3OD): 5 [ppm] 3.40 
(2H. s), 7.20 (2H, m), 7.40 (2H, m) 
LRMS: m/z 235.1 (MH^) 



5 



PREPARATION 64 
2-[4-(Aminosulphonvl)phenvl1-Ay-hvdroxvethanimidamide 
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NH, 

1 - 




Obiained from 4-(cyanonnethyi)benzenesuiphonamide [J. Med. Chem., (1965), S, 548] 
and hydroxylamine hydrochloride as a solid in 7% yield using a similar procedure to that in 
preparation 56. 

5 NMR (400 MHz. CD3OD): 5 [ppm] 3.42 (2H, s), 3.60 (1H, s). 7.46 (2H, m), 7.81 

(2H, d) 

LRMS: m/z 230 (MH*) 

PREPARATION 65 

10 2-f3-(Aminosulphonvi)phenvn-A/'-hvdroxvethanimidamide 




Obtained from the title compound of preparation 50 and hydroxylamine hydrochloride 
as a solid in 52% yield using a similar procedure to that in preparation 56. 

NMR (300 MHz, DMSOds): 5 [ppm] 5.43 (2H. s). 7.21 (2H, s), 7.45 (2H, m), 7.62 
15 (1H. m). 7.71 (1H. s), 8.95 (1H, s) 
LRMS: m/z 230 (MH*) 



PREPARATION 66 
A/'-Hvdroxv-2-f3-f(methvlsulphonvl)amino]phenvi)ethanimidamide 

O 



20 
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Obtained from the title compound of preparation 49 and hydroxylamine hydrochloride 
as a solid in 21% yield using a similar procedure to that in preparation 56. 

NMR (400 MHz. CD3OD); 5 [ppm] 2.93 (3H, s), 3.38 (2H, s), 7.03-7.12 (2H. m). 
7.19 (1H. s), 7.30 (1H, m) 

LRMS: m/z 243.9 (MH*) 

PREPARATION 67 

2-(1-Benzofuran-5-vl)-A/'-hvdroxvethanimidamide 



NH2 

Obtained from 2-(1-benzofuran-5-yl)acetonitrile [Chim. Ther. (1972), 7(4), 337] and 
hydroxylamine hydrochloride as a solid in 31% yield using a similar procedure to that in 
preparation 56. 

NMR (400MHz. CD3OD): 5 [ppm] 3.50(2H, s), 6.80(1 H, d). 7.25(1 H, d), 7.40(1 H. 
d). 7.50(1 H. s). 7.70(1 H. s) 

LRMS: m/z 191.2 (MH*) 

PREPARATION 68 
2-(4-Acetvl-1-piperazinvl)acetonitrile 

V 

O 

N 

Chloroacetonitrlle (14.7ml, 234mmol) was added slowly to a well stirred suspension of 
sodium carbonate (32g, 300mmol) and acetylpiperazine (30g, 230mmol) in toluene (200ml). 
The mixture was heated under reflux for 3 hours. The reaction was cooled, filtered and the 
filtrate evaporated under reduced pressure. The resulting solid was recrystallised from ethyl 
acetate to afford the title compound as a yellow solid, 18.6g. 

^H NMR (400 MHz, CDCI3): 6 [ppm] 2.09 (3H, s), 2.58 (4H, m), 3.51 (4H. m). 3.67 

(2H, m) 
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PREPARATION 69 



2-(4-Acetvl-1-piperazinvl)-A/-hvdroxvethanimidamide 

0.^ 



HO 



Sodium methoxide (6.6g, 67mmol) was added to the title compound of preparation 68 
5 (18. 6g, IHmmol) and hydroxylamine hydrochloride (8.5g. 122mmo!) in methanol (200mi). 
The mixture was heated under reflux for 15 hours. The reaction was cooled to room 
temperature and filtered. The filtrate was evaporated under reduced pressure to afford the 
title compound as a white solid, 23. 8g. 

NMR (40Q MHz, CD3OD): 5 [ppm] 2.07 (3H, s), 2.43 (4H, m). 2.95 (2H, s). 3.59 

10 (4H. m) 

LRMS: m/z 223 (MNa") 

PREPARATION 70 
ferf-Butyl 4-|3-f4-(trifluoromethoxv)benzvlM .2,4-oxadiazol-5-vl)-1 - 
15 piperidinecarboxvlate 




1-(ferf-Butoxycarbony!)-4-piperidinecarboxylic acid (250mg, 1.09mmol) in 
dichloromethane (5ml) was treated with di/sopropylethylamine (0.28mi, 2.70mmol). 
Bis(tetramethylene)fluoroformamidinium hexafluorophosphate (41 3mg, 1.31 mmol) In 

20 dichloromethane (5ml) was added and the solution stirred at room temperature for 1 hour. The 
title compound of preparation 63 (307mg, 1.31 mmol) and di/sopropylethylamine (0.23ml, 
1.09mmol) in dichloromethane (2ml) were added, the resulting solution was stirred at room 
temperature for 16 hours, then heated to 50°C to concentrate the solution. Dioxane (10ml) 
was added and the solution heated to 120°C for 3 hours. The reaction was cooled to room 

25 temperature, diluted with ethyl acetate, washed with saturated aqueous sodium bicarbonate 
solution and 1M citric acid solution. The combined organic solutions were dried (MgS04), 
filtered and evaporated under reduced pressure. The residue was purified by column 



P60190 



83 



chromatography on silica gel, using ethyl acetate: pentane (25:75) as eluant to afford the title 
compound as an oil, 306mg. 

NMR (400MHz, CDCIa): 5 [ppm] 1.41 (9H, s). 1.80 (2H, m), 2.02 (2H. m), 2.94 (2H, 
m). 3.12 (1H. m), 4.08 (2H, s), 4.16 (2H. m), 7.15 (2H, d), 7.35 (2H, d) 
5 LRMS: m/z 427.4 (MH*) 



10 



15 



PREPARATION 71 

tert-BuM 4-r3-(1-benzofuran-5-vlmethvl)-1.2,4-oxadiazol-5-vn-1-piperidinecarboxvlate 




o 



Obtained from the title compound of preparation 67 as a clear oil in 43% yield using a 
similar procedure to that in preparation 70. 

NMR (400MHz. CDCI3): 6 [ppm] 1.41 (9H, s). 1.86 (2H, m). 2.04 (2H. m), 2.95 (2H, 
m). 3.05 (1H. m). 4.05 (2H. bm), 4.10 (2H. s). 7.10-7,50 (5H. m) 

LRMS: m/z 383.4 (MH") 

PREPARATION 72 

^erf-Butvl 443-(4-chlorobenzvn-1.2.4-oxadtazol-5-vll-1-piperidinecarboxvlate 




Obtained from (4-chlorophenyl)acetamidoxime [Bioorg. Med. Chem. Lett. (1996), 6(7), 
20 833] as a clear oil in 63% yield using a similar procedure to that in preparation 70. 

^H NMR (400MHz, CDCI3): 6 [ppm] 1.45 (9H, s), 1.84 (2H, m), 2.02 (2H, m), 2.95 (2H, 
m), 3.05 (1H, m). 4,02 (2H, s), 4.16 (2H, m). 7.25 (4H, m) 
LRMS; m/z 395.1 (MNH/) 



25 



PREPARATION 73 
fe/t-Butvl 4-(3-lsobutvl-1 .2.4-oxadiazo[-5-vn-1 -piperidinecarboxvlate 



Isovaleronitrile (14. 1g, 170mmol) and hydroxylamine hydrochloride (60g, 850mmol) 
were heated under reflux in methanol (300 ml) and water (300 ml) for 5 hours. The reaction 
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mixture was cooled to room temperature, solid sodium carbonate added cautiously and the 
mixture filtered. The filtrate was concentrated under reduced pressure and extracted with 
dichloromethane (3x). The combined organic solutions were washed with water and bnne, 
dried (MgS04), filtered and concentrated under reduced pressure to give a white solid, 15.5g. 
In a separate flask 1-(fert-butoxycarbonyl)-4-plperidinecarboxyiic acid (250mg, 1.09mmol) in 
dichloromethane (5ml) was treated with di/sopropylethylamine (0.28ml, 2.70mmol). 
Bis(tetramethylene)fluoroformamidinium hexafluorophosphate (41 3mg, 1 .31 mmol) in 
dichloromethane (5mil) was added to the solution and stirred at room temperature for 1 hour. 
A portion of the intermediate white solid (150mg, 1.31 mmol) and diisopropylethylamine 
(0.23ml, 1.09mmoi) in dichloromethane (2ml) were added, the resulting solution was stirred at 
room temperature for 16 hours, then heated to 50=C to concentrate the solution. Dioxane 
(10ml) was added and the solution heated to 120°C for 3 hours. The reaction was cooled to 
room temperature, diluted with ethyl acetate, washed with saturated aqueous sodium 
bicarbonate solution and 1M citric acid solution. The combined organic solutions were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel, using ethyl acetate; pentane (25:75) as eluant to afford 
the title compound as an oil, 209mg. 

NMR (400MHz, CDCI3): 5 [ppm] 0.91 (6H. d), 1.25 (9H, s). 1.84 (2H. m). 2.05 (3H, 
m). 2.54 (2H, d), 2.98 (2H. m). 3.05 (1H, m), 4.07 (2H, m) 
LRMS: m/z 309.9 (MH") 

PREPARATION 74 

ferf-Butvl 4-{3-f2.5-dif]uorobenzvll-1.2.4-oxadiazol-5-vll-1-piDeridinecarboxvlate 




F 



Obtained from the title compound of preparation 59 as a clear oil in 34% yield using a 
similar procedure to that in preparation 70. 

NMR (40QMHZ, CDCI3): 6 [ppm] 1.45 (9H. s). 1.76-1.84 (2H, m), 2.02 (2H. m). 2.94 
(2H, m), 3.06 (1H. m), 4.06-4.12 (4H, m), 6.90-7.06 (3H, m) 

LRMS: m/z 380.7 (MH") 
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PREPARATION 75 

fe/t-Butvi 4-|3-f3.5-difluorobenzvn-1 ,2.4-oxadiazol-5-vl)-1 -piperidinecarboxylate 




F 

Obtained from the title compound of preparation 60 as a clear oil in 24% yield using a 
5 similar procedure to that in preparation 70. 

NMR (400MHz, CDCI3): 5 [ppm] 1.44 (9H, s). 1.75-1.84 (2H, m), 2.03 (2H. m). 2.S6 
(2H, t). 3.06 (1H, m), 4.00 (2H. s), 4.06 (2H. m). 6.70 (1H, m), 6.82 (2H. m) 
LRMS: m/z 380.0 (MH*) 

10 PREPARATION 76 

tert-BuM 443-r2.6-dif]uorobenzvl1-1 ,2,4-oxadiazol-5-vlV1 -piperidinecarboxylate 




Obtained from the title compound of preparation 61 as a clear oil in 39% yield using a 
similar procedure to that in preparation 70. 
15 NMR (400MHz, CDCI3): 5 [ppm] 1.47 (9H, s), 1.76-1.84 (2H, m), 2.02 (2H, m), 2.94 

(2H, m), 3.06 (1H, m), 4.00-4.14 (4H. m). 6.94 (2H, m), 7.23 (1H, m) 

LRMS: m/z 380.0 (MH*) 



20 



PREPARATION 77 
fe/t-Butvl 4-<'3-f4-methvlbenzvl1-1. 2. 4-oxadiazol-5-vl>-1 -piperidinecarboxylate 
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Obtained from 4-methylbenzylcyanide as an oil in 60% yield using a similar procedure 
to that in preparation 73. 

NMR (400MHz, CDCI3): 5 [ppm] 1.45 (9H. s), 1.76-1.84 (2H, m), 2.02 (2H, m), 2.34 
5 (3H, s), 2.93 (2H, t). 3.05 (1H. m), 4.00 (2H, s), 4.05 (2H. m), 7.11 (2H, d), 7.20 (2H. d) 
LRMS: m/z 358.1 (MH^) 

PREPARATION 78 

fe/t-Butvl 4-f3-r4-trif]uoromethvlbenzvn-1 .2,4-oxadiazQl-5-vlM -piperidinecarboxyiate 




Obtained from (4-tnf1uoromethylphenyl)acetamidoxime [Bioorg. Med. Chem. Lett. 
(1996), 6(7), 833] as a clear oil in 49% yield using a similar procedure to that in preparation 
70. 

NMR (400MHz, CDCI3): 6 [ppm] 1.44 (9H, s), 1.72-1.86 (2H, m), 2.03 (2H, m), 2.92 
15 (2H, t), 3.03 (1H, m), 4.00-4.12 (4H, m), 7.43 (2H. d), 7.58 (2H, d) 
LRMS: m/z 411.8 (MH*) 



20 



PREPARATION 79 
fe^-Butvl 4-(3-ri .3-benzodioxol-5-vlmethvn-1 .2.4-oxadiazol-5-vl)-1 - 
piperidinecarboxyiate 
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Obtained from the title compound of preparation 62 as a clear oil in 73% yield using a 
similar procedure to that in preparation 70. 

NMR (400MHz, CDCt3): 5 [ppm] 1.45 (9H, s), 1.70-1.84 (4H. m), 2.03 (2H, m). 2.93 
5 (2H, t). 3.03 (1H. m), 3.95 (2H, s), 4.05 (2H. m), 6.70-6.82 (3H. m) 



PREPARATION 80 
tert-BuM ( 1 S)-3-f4-(3-benzvl-1 .2.4-oxadiazol-5-vn-1 -piperidinvl1-1 - 
phenylpropylcarbamate 




Sodium triacetoxyborohydride (1.28g, 6.02mmol) was added to a solution of the title 
compounds of preparation 7 (1.00g, 4.01 mmol) and preparation 39 (1-07g, 4.41 mmol) in 
dichloromethane/acetic acid (40ml, 10% solution). The reaction mixture was stirred for 30 
minutes after which time the solution was basified using saturated sodium carbonate and the 
15 product was extracted with dichloromethane (x3). The combined organic extracts were dried 
(MgS04), filtered and the solvent evaporated under reduced pressure to give a brown oil. This 
was purified by column chromatography on silica gel using dichloromethane:methanol:0.88 
ammonia (95:5:0.5) as eluant to afford the title compound as an oil, 1 .04g, 

NMR (400 MHz. CDCI3): 5[ppm] 1.40 (9H, bs), 1.90-2.10 (7H, m), 2.30 (2H, m). 
20 2.85 (2H, m), 2.98 (1H. m). 4.15 (2H, s). 4.80 (1H, bs), 6.50 (1H. bs), 7.30 (10H, m) 
LRMS: m/z 477 (MH*) 



PREPARATION 81 

nS)-3-r4-(3-Benzvl-1.2.4-oxadiazol-5-vl)-1-Dipendinvl1-1-phenvlpropvlamine 
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To a stirred solution of the title compound of preparation 80 (560mg, 1.17mmol) in 
dichloromethane (10 ml) at 0°C was added trifluoroacetic acid (5 ml). The reaction was 
allowed to warm to room temperature and stirred for 90 minutes. The mixture was then 
5 concentrated, basified with saturated sodium carbonate and extracted with dichloromethane 
(3x). The combined organic solutions were washed with brine, dried (MqSOa), fiitered and 
concentrated to give the title compound as a yellow oil, 314mg. 

'H NMR (400 MHz. CDCta): 5 [ppm] 1.90 (2H, m), 2.05 (4H, m). 2.40 (4H, m), 2.85 
(2H, m), 2.95 (1H, m), 3.99 (3H, m). 4.05 (2H, s), 7.30 (10H, m) 
10 LRMS: m/z 377 (MH*) 



PREPARATION 82 
ferf-Butvl-4-(3^4-f(methvlsulphonvl)amino1benzvl>-1.2.4-oxadiazol-5-vl)-1- 
piperidinecarboxylate 




The title compound of preparation 47 (10. Og. 47mmol), hydroxylamine hydrochloride 
(16. 5g. 238mmol) and sodium carbonate (25g, 238mmol) were heated under reflux in 
methanol (200 ml) and water (200 mi) for 5 hours. The reaction mixture was cooled to room 
temperature, filtered and the filtrate was evaporated and extracted with dichloromethane (3x). 

20 The combined organic solutions were washed with water and brine, dried (MgS04), filtered 
and concentrated under reduced pressure to give a white solid, 8.0g. A portion of this 
amidoxime (5.00g, 20.6mmol), 1-(^erf-butoxycarbonyI)-4-piperidine carboxyiic acid (5.18g, 
22.6mmol) and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (4.71 g, 
24.6mmol) were stirred in dichloromethane (100ml) for 2 hours. The solvent was removed 

25 under reduced pressure and the brown oil dissolved in dioxane (50ml) and heated under reflux 
for 5 hours. The solvent was removed under reduced pressure and the residue dissolved in 
ethyl acetate (200ml) washed with water and brine, dried (MgS04), filtered and concentrated 
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under reduced pressure. The title compound was purified by column chromatography on silica 
gel using dichloromethane:methanol;0.88 ammonia (95:5:0.5) as eluant to afford the title 
compound as a yellow foam, 3.40g. 

NMR (300 MHz, CDCI3): 6 [ppm] 1.41 (9H, s), 1.78 (2H, m). 2.01 (2H, m), 2.83- 
5 3.05 (5H. m). 4.03-4.19 (5H, m), 6.40 (1H. m). 7.18 (2H, d). 7.31 (2H, d) 
LRMS: m/z 459 (MNa*) 



PREPARATION 83 

A/-(4-/f5-(4-Piperidinvn-1.2.4-oxadia2ol-3-vl1methvl)phenvl)methanesulphonamide 
10 hydrochloride 




The title compound of preparation 82 (3.20g, 7.33mmol) was dissolved in methanolic 
hydrochloric acid (100ml, 2.5M) and stirred at room temperature for 2 hours. The solvent was 
removed under reduced pressure to afford the title compound as a white solid, 2.50g. 
15 'H NMR (300 MHz, D2O): 6 [ppm] 185 (2H. dd), 2.21 (2H, d), 2.98 (3H, s), 3.05 (2H. 

dd), 3.38 (4H, m), 4.00 (2H. s), 7.18 (2H, d), 7.24 (2H, d) 

LRMS: m/z 337 (MH^) 



20 



25 



PREPARATION 84 

2.2.2-Trifluoro-1-{4-r3-(4-fluorobenzvlV1.2.4-oxadiazol-5-vl1-1-piDeridinvl>-1-€thanone 




Obtained from the title compounds of preparations 20 and 57 as an oil in 15% yield 
using a similar procedure to that in preparation 21. 

^H NMR (400 MHz, CDCI3): 5 [ppm] 1.80 (2H, m), 2.20 (2H, m), 3.15-3.40 (3H. m), 
4.00 (2H. s), 7.00 (2H, m). 7.30 (2H, m) 



PREPARATION 85 
4-r3-(4-Fluorobenzvn-1.2.4-oxadia20l-5-vnpiperidine 
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F 



Obtained from the title compound of preparation 84 as an oil in 75% yield using a 
similar procedure to that in preparation 37. 

■H NMR (400 MHz, CDCI3); 5 [ppm] 1.80 (2H, m). 2.10 (2H. dd). 2.80 (2H, m). 3.05 
5 (1H, m), 3.20 (2H, m). 4.00 (2H, s), 7.00 (2H, m). 7.25 (2H, m) 
LRMS: m/z 262 (MH*) 



PREPARATION 86 
fert-Butyl 3-(3-benzvl-1 ,2.4-oxadiazol-5-vl)-1 -azetidinecarboxylate 




Obtained from the title compounds of preparations 13 and 56 as an oil in 72% yield 
using a similar procedure to that in preparation 21. 

NMR (400 MHz, CDCI3): 5 [ppm] 1.45 {9H, s), 3.95 (1H. m), 4.08 (2H, s), 4.20 (2H, 
m). 4.30 (2H. t). 7.25 (1H, m). 7.35 (4H, m) 
15 LRMS: m/z 338 (MNa*) 



PREPARATION 87 
5-(3-Azetidinvl)-3-benzvl-1 .2.4-oxadiazoie 




20 Obtained from the title compound of preparation 86 as an oil in 72% yield using a 

similar procedure to that in preparation 81. 

^H NMR (400 MHz, CDCI3): 5 [ppm] 3.92 (2H, m), 4.06 (4H, m). 4.13 (IN, m), 7.25 
(1H, m). 7.35 (4H, m) 

LRMS: m/z 216 (MH*) 

25 



PREPARATION 88 
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fe/t-Butvi (1S)-3-[4-(3-(4-f(methvlsulphonvl)amino]benzvl}-l2,4-oxadiazol-5-vl)-1- 
piperidinvi1-1-phenvlpropvlcarbamate 




Sodium triacetoxyborohydride (1.28g, 6.02mmol) was added to a solution of the title 
5 compounds of preparation 7 (1.00g, 4.01mmoi) and preparation 83 (1.65g, 4.41mmol) in 
dichlorometinane/acetic acid (40ml, 10% solution). The reaction mixture was stirred for 30 
minutes after which time the solution was basified using saturated sodium carbonate and the 
product was extracted with dichloromethane (x3). The combined organic extracts were dried 
(MgS04), filtered and the solvent evaporated under reduced pressure to give a brown oil. This 
10 was purified by column chromatography on silica gel using dichloromethane:methanol:0.88 
ammonia (95:5:0.5) as eluant to afford the title compound as a white foam, 1.30g. 

NMR (300 MHz. CDCI3): 6 [ppm] 1.41 (9H, s). 1.80-2.19 (10H, m), 2.30 (2H, m), 
2.80-3.01 (5H, m), 4.02 (2H, s), 4.75 (1H. bs). 6.38 (1H, bs). 7.15-7.40 (9H, m) 
LRMS: m/z570 (MH^) 

15 

PREPARATION 89 
te/t-Butvl (1S)-3-{4-f3-(4-fluorobenzvl)-1,2.4-oxadiazol-5-vl1-1-piperidinvl)-1- 
phenyipropvlcarbamate 




20 Obtained from the title compounds of preparations 7 and 85 as an oil in 81% yield 

using a similar procedure to that in preparation 80. 

NMR (400 MHz. CDCI3): 6 [ppm] 130 (9H, bs). 1.70 (IN. m). 1.80-2.00 (4H. m), 

2.20 (2H, m). 2.80 (2H. m), 2.90 (1H, m), 3.95 (2H. s), 4.70 (1H, bs), 6.60 (1H. bs). 6.90 (2H. 

m), 7,10 (1H, m), 7.15-7.25 (8H, m) 
25 LRMS: m/z 495 (MH") 

PREPARATION 90 
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ferf-Butyi (1S)-3-[3-(3-benzvl-1,2.4-oxad!azol-5-viV1-azetidinvl1-1- 
phenylpropylcarbamate 




Obtained from the title compounds of preparations 7 and 87 as an oil in 64% yield 
5 using a similar procedure to that in preparation 80. 

NMR (400 MHz, CDCI3): 5 [ppm] 1.40 (9H, bs), 1.79 (2H. m), 2.45 (2H, m), 3.31 
(2H, m), 3.67 (2H, m), 3.84 (1H, m). 4.05 (2H, m), 4.3-4.5 (1H. m). 5.62 (1H, bs). 7.25 (3H. 
m), 7.35 (7H, m) 

LRMS: myz449 (MH") 

10 

PREPARATION 91 
/V444(5-{1-f(3S)-3-Amino-3-phenvlpropvi1-4-piperidinvlV1,2,4-oxadiazol-3- 
vOmethyllphenyDmethanesulfonamide hydrochloride 



HC! 




15 The title compound of preparation 88 (1.20g, 2.10mmol) was dissolved in methanolic 

hydrochloric acid (30ml, 2.5M) and stirred at room temperature for 2 hours. The solvent was 
removed under reduced pressure to afford the title compound as a white solid, 1.04g. 

NMR (300 MHz, D2O): 6 [ppm] 1.95 (2H, m). 2.23 (2H. m), 2.40 (2H, m). 2.71 (1H. 
m), 2.91-3.10 (6H. m), 3.25 (1H, m), 3.48 (2H, m). 4.03 (2H. s). 4.38 (1H. t), 7.15 (2H. d). 7.23 
20 (2H, d), 7.40 (5H, m) 

LRMS: m/z 470 (MH*) 



PREPARATION 92 

f1S)-3-{4-[3-(4-Fluorobenzvl)-1,2.4-oxadiazol-5-vn-1-pipendinvl}-1-phenylpropvlamine 
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Obtained from the title compound of preparation 89 as an oil in 81% yield using a 
similar procedure to that In preparation 81. 

NMR (400 MHz, CDCI3): 5 [ppm] 1.90 (4H, m), 2.05 (4H. m), 2.40 (2H, m), 2.50 
5 (2H, bs), 2.85 (2H, m), 2.98 (1H, m), 4.00 (3H, m). 7.00 (2H. m). 7.30 (7H. m) 
LRMS; m/z 395 (MH") 



PREPARATION 93 

(1SV3-r3-(3-Benzvl-1.2.4-oxadiazol-5-vl)-1-azetidinvl1-1-phenvl-1-prQpanamine 




Obtained from the title compound of preparation 90 as an oil in 92% yield using a 
similar procedure to that in preparation 81. 

NMR (3/400 MHz, CDCI3): 6 [ppm] 1.60 (2H. m), 2.51 (2H, m), 3.53 (2H, t). 3.68 
(2H, m), 3.87 (1H, m), 3.98 (1H, m). 4.06 (3H, m), 4.35-4.55 (1H , m), 7.2-7.36 (10H. m) 
15 LRMS: m/z 349 (MH") 



PREPARATION 94 
Ethyl 3-((F1>amino-2-phenvlethvlidene1amino)oxv)-3-oxopropanoate 




20 A solution of ethyl malonyl chloride (3.30ml, 24mmol) in dichloromethane (5ml) was 

added dropwise to a stirred solution of the title compound of preparation 56 (3.34g, 22mmol) 
and di/sopropylethylamine (4.27ml, 24mmol) in dichloromethane (45mi) at 10°C. The reaction 
mixture was stirred and warmed to room temperature over 1 hour, then washed with brine, 
evaporated under reduced pressure and purified by column chromatography on silica gel 
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using dichloronnethane:methanol (97:3) as eluant to afford the title compound as a foam, 
1.15g. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.25 (3H, t), 3.48 (2H, s). 3.57 (2H, s), 4.19 (2H, 
q), 4.84 (2H, bs), 7.26 (5H, m) 
5 LRMS: m/z 265 (MH*) 

PREPARATION 95 

3-((ri-Amino-2-phenvlethvlidene]aminoyoxv)-3-oxopropanenitrile 




10 To a stirred solution of the title compound of preparation 56 (12.3g. 82mmol) in 

dichloromethane (100ml) was added cyanoacetic acid (6.97g, 82mmol) and 3-ethyl-1-(3- 
dimethyiamtnopropyO-carbodiimide hydrochloride (15.7g, 82mmol). The reaction mixture was 
stirred for 96 hours at room temperature, then partitioned between dichloromethane and 
water. The organic layer was separated, washed with brine, dried (MgS04), filtered and 

15 evaporated under reduced pressure. The resulting solid was triturated with ether to afford the 
title compound as a pale yellow solid, 1.71g. 

NMR (300 MHz, CDCI3 + DMSOds): 5 [ppm] 3.47 (2H, s). 3.59, (2H, s), 5.16 (2H, 
bs), 7.25 (5H. m) 

LRMS: m/z 218 (MH*) 

20 

PREPARATION 96 
3-((ri-Amino-2-(4-fluorophenvl)ethvlidene1aminoloxvV3-oxopropanenitrile 




Obtained from the title compound of preparation 57 as an orange solid in 28% yield 
25 using a similar procedure to that in preparation 95. 

NMR (300 MHz, CDCia): 5 [ppm] 3.38 (2H, s), 3.57 (2H, s). 5.40 (2H. s), 6.88 (2H. 
m), 7.17 (2H, m) 

LRMS: m/z 236.1 (MH*) 



30 



PREPARATION 97 
Ethyl 2-(3-benzvl-1 .2,4-oxadiazol-5-vl)acetate 
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A solution of the title compound of preparation 94 (8.09g, 30mmol) in dioxane (110mi) 
was heated under reflux for 4 hours. The solvent was evaporated under reduced pressure and 
the residual oil purified by column chromatography on silica gel using 
5 dichloromethane:methanol (95:5) as eluant, to afford the title compound as an oil, 4.85g. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.24 (3H, t), 3.95 (2H. s), 4.08 (2H. s), 4.22 (2H. 
q), 7.26 (5H, m) 

LRMS: m/z247 (MH*) 

10 PREPARATION 98 

Ethyl 2-f5-(4-fluorobenzvl)-1 .2.4-oxadlazol-3-vl1acetate 




F 



A solution of ethyl malonyl chloride (15ml, llOmmol) in dichloromethane (50ml) was 
added dropwise to a stirred suspension of the title compound of preparation 57 (16.0g, 
15 lOOmmol) and diisopropylethylamine (20mi. llOmmol) in dichloromethane (150ml) with ice- 
bath cooling. The reactants were stirred at ambient temperature overnight then washed with 
water and concentrated to a gum. 

This gum was dissolved in dioxane (150ml) and heated under reflux for 12 hours. Pre- 
adsorption silica was added to the cooled solution which was concentrated and purified by 
20 column chromatography on silica gel using dichloromethaneimethanol (95:5) as eluant to 
provide the title compound as an oil, 22.8g. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 1.26 (3H, t). 3.93 (2H, s), 4.07 (2H. s), 4.22 (2H, 
q), 7.00 (2H. m), 7.28 (2H. m) 

LRMS: m/z 265.0 (MH") 

25 



PREPARATION 99 
2-(3-Benzvl-1 .2.4-oxad(azol-5-vnacetonitnle 
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Obtained from the title compound of preparation 95 as an oil in residua! dioxane using 
a similar procedure to that in preparation 97. 

'H NMR (300 MHz, CDCb): 6 [ppm] 3.70 (dioxan), 3.99 (2H. s), 4.11 (2H. s), 7.32 (5H, 

5 m) 



PREPARATION 100 

2-[3-(4-Fluorobenzyl)-1 .2.4-oxadiazol-5-vnacetonitrile 




10 Obtained from the title compound of preparation 96 as an oil in 59% yield using a 

similar procedure to that in preparation 97. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 4.02 (2H, s), 4.08 (2H. s), 7.03 (2H, m), 7.28 (2H, 

m) 



15 PREPARATION 101 

Ethyl 1-benzvl-4-(3-benzvl-1,2.4-oxadiazol-5-vl)-4-pipendinecarboxv[ate 




A solution of the title compound of preparation 97 (4.85g, 19.7mmol) in 1- 
methyIpyrrolidin-2-one (10ml) was added to a stirred suspension of sodium hydride (60% 

20 dispersion in mineral oil, 2.40g, 60mmol) in 1-methylpyrrolidin-2-one (30mi). The reaction 
mixture was stirred for 45 minutes at room temperature before bis-(2-chloroethyl)benzylamine 
hydrochloride (S.OOg, 18.6mmol) and tetra-n-butylammonium bromide (0.50g. 1.5mmol) were 
added. The reaction mixture was stirred for 24 hours at 60°C, then cooled and partitioned 
between ethyl acetate and water. The layers were separated and the organic phase washed 

25 with brine (3x). The organic extract was separated, pre-adsorbed on silica gel and purified by 
column chromatography on silica gel using dichloromethane:methanoI (95:5) as eluant to 
provide the title compound as an oil, 4.76g. 
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NMR (300 MHz, CDCI3): 5 [ppm] 1.16 (3H, t). 2.32 (8H, m), 3.42 (2H. s), 4.08 (2H, 
s), 4.17 (2H, q). 7.26 (10H, m) 
LRMS: m/z 406 (MH") 

PREPARATION 102 
Ethyl 1-benzvM-(3-benzvl-1.2,4-oxadiazol-5-vl)-4-piperidinecarboxvlate 

A ^ 



Obtained from the title compound of preparation 98 as an oil in 22% yield using a 
similar procedure to that in preparation 101. 
10 NMR (300 MHz, CDCI3): 6 [ppm] 1.18 (3H, t). 2.32 (6H, m), 2.58 (2H, m), 3.41 (2H. 

s), 4.06 (2H, s). 4,15 (2H, q). 7.00 (2H, m). 7.28 (7H, m) 

LRMS: m/z 424,1 (MH*) 



15 




PREPARATION 103 
1-Benzv[-4-(3-benzvl-1.2,4-oxadiazo!-5-vl)-4-piperidinecarbonitnle 




Obtained from the title compound of preparation 99 as an oil in 10% yield using a 
similar procedure to that in preparation 101. 

^H NMR (300 MHz. CDCI3): 5 [ppm] 2.26 (4H, m). 2.49 (2H. m). 2.92 (2H, m), 3.56 
20 (2H, s), 4.08 (2H, s), 7.26 (10H. m) 
LRMS: m/z 359 (MH*) 



PREPARATION 104 
1-Benzvl-4-f3-(4-fluorobenzvn-1.2.4-oxadiazol-5-vlM-piperidinecarbonitrile 



25 
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Obtained from the title compound of preparation 100 as an oil in 22% yield using a 
similar procedure to that in preparation 101. 

NMR (300 MHz. CDCI3): 6 [ppm] 2.24 {4H, m), 2.49 (2H. m), 2.92 (2H, m), 3.57 
(2H, s), 4.04 (2H, s), 6.88 (2H, t). 7.25 (7H, m) 
5 LRMS: m/z 377.3 (MH") 

PREPARATION 105 

Ethyl 1 -benzvl-4-[3-(4-MUorobenzvl)-1 .2.4-Qxadiazoi-5-vn-4-piperidinec5rboy/!ate 




10 A solution of the title compound of preparation 102 (1.50g, 3.50mmol) and 

methylamine (20ml of a 2M solution in tetrahydrofuran, 40mmol) in ethanol (20ml) was stin-ed 
in an autoclave at 100°C for 5 hours. The solution was cooled, concentrated under reduced 
pressure and purified by column chromatography on silica gel using 
dichloromethane:methanol (95:5) as eluant. to provide the title compound as an oil, 295mg. 

15 NMR (300 MHz, CDCI3): 5 [ppm] 2.07 (2H, m), 2.36 (4H, m), 2.73 (5H, m). 3.40 

(2H, s), 4.06 (2H, s), 5.88 (1H. s), 7.00 (2H, m), 7 26 (7H, m) 
LRMS: m/z 409.1 (MH") 

PREPARATION 106 

20 Ethyl 4-(3-benzvl-1 ,2.4-oxadiazol-5-vl)-4-piperidinecarboxvlate 




A solution of 1-chloroethylchloroformate (0.28ml, 2.6mmol) in dichioromethane (1ml) 
was added to a solution of the title compound of preparation 101 (820mg, 2mmol) in 
dichioromethane (9ml) at 0°C. The reaction mixture was stirred for 3 hours at room 
25 temperature, then the solvent evaporated and the residual oil dissolved in methanol (10ml). 
The solution was heated under reflux for 1 hour The solution was cooled, pre-adsorbed on 
silica gel, concentrated under reduced pressure and chromatographed on silica gel using 
dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant, to provide the title compound 
as an oil 195mg. 
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NMR (300 MHz, CDCI3): 6 [ppm] 1.18 (3H. t), 2.57 {4H, m), 3.06 (2H. m), 3.24 (2H. 
m), 3.46 (1H, s). 4.06 (2H, s), 4.18 (2H, q), 7.27 (5H, m) 
LRMS: m/z 316 (MH*) 

PREPARATION 107 
4-(3-Benzvl-1.2.4-oxadiazol-5-vn-4-piperidinecarbonitnie 




Obtained from the title compound of preparation 103 as an oil in 59% yield using a 
similar procedure to that in preparation 106. 
10 NMR (300 MHz. CDCI3): 5 [ppm] 2.34 (4H. m), 3.21 (4H, m), 4.08 (2H. s), 7.26 

(5H, m) 

LRMS: m/z 269 (MH") 



PREPARATION 108 
4-f3-(4-Fluorobenzvl)-1.2.4-oxadiazol-5-vn-4-piperidinecarbonitrile 




Obtained from the title compound of preparation 104 as an oil in 44% yield using a 
similar procedure to that in preparation 106. 

^H NMR (300 MHz, CDCI3): 5 [ppm] 2.50 (4H. m). 3.26 (2H, m), 3.42 (2H, m), 4.06 
20 (2H, s), 7.02 (2H, m), 7.27 (2H. m) 
LRMS: m/z 287.2 (MH*) 



PREPARATION 109 
4-f3-(4-FluorobenzvlV1.2.4-oxadiazol-5-vl1-A/-methvl-4-piperidinecarboxamide 

HN 

A ^ 



25 
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Obtained from the title compound of preparation 105 as an oil in 68% yield using a 
similar procedure to that in preparation 106. 

NMR (300 MHz. CDCI3): 5 [ppm] 2.21 {2H, m), 2.36 (2H, m), 2.62 (2H, m), 2.74 
(3H, d), 3.03 (2H, m). 4.04 (2H, s), 5.88 (1H, s), 7.00 (2H, m), 7.26 (2H. m) 
5 LRMS: m/z 319.1 (MH*) 



10 



PREPARATION 110 

ferf-BuWI (1 SV3-(4-cvanQ-4-[3-(4-f]ucrcben2v^)-r2,4-ox3di3zcl-5-vl^1-piperidinv!)-^ 
phenvlpropvlcarbamate 




15 



Obtained from the title compounds of preparations 7 and 108 as an oil in 54% yield 
using a similar procedure to that in preparation 80. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 1.28 (9H, s), 1.94 (2H, m), 2.38 (8H. m), 2.90 
(2H, m), 4.06 (2H. s), 4.78 (1H, s), 5.85 (1H, s), 7.02 (2H. m), 7.27 (7H. m) 

LRMS: m/z 520.3 (MM*) 



PREPARATION 111 
1-f(3S)-3-Amino-3-phenv!propvl1-4-f3-(4-f]uorobenzvn-1,2,4-oxadiazol-5-vn-4- 
piperidinecarbonitrile 




20 

Obtained from the title compound of preparation 110 as an oil in 68% yield using a 
similar procedure to that in preparation 81. 

NMR (300 MHz. CDCI3): 5 [ppm] 1.85 (1H, m). 2.00 (1H, m), 2.38 (8H, m). 2.85 
(1H. m). 3.02 (1H, m), 4.04 (3H. m). 7.02 (2H. m), 7.27 (7H, m) 
25 LRMS: m/z 420.2 (MH*) 
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PREPARATION 112 

Benzyl 1-f(3S)-3|(ferf-butoxvcarbonvl)amino>-3-phenvlpropv[M-piperidine carboxviate 




Obtained from the title connpound of preparation 7 and benzyl 4-piperidinecarboxylate 
as an oil in 67% yield using a similar procedure to that in preparation 80. 

NMR (400MHz. GDCI3): 5 [ppm] 1.33 (9H. s). 1.60-2.12 (11H, m). 2.64-3.00 (2H, 
m), 4.75 (1H. s), 5.10 (2H. s), 6.55 (1H, s), 7.10-7.45 (10H, m) 

LRMS: m/2 453.3 (MH*) 

PREPARATION 113 
Benzyl 1-f(3S)-3-amino-3-phenvlpropvlM-piperidlne carboxviate 




Obtained from the title compound of preparation 112 as an oil in 88% yield using a 
similar procedure to that in preparation 81 . 

NMR (400MHz. CDCI3): 5 [ppm] 1.60-2.05 (10H, m), 2.25-2.44 (3H. m), 2.86 (2H, 
m), 3.97 (1H, m), 5.14 (2H. s), 7.23-7.43 (10H. m) 

LRMS: m/z 353.3 (MH"") 

PREPARATION 114 

Benzyl 1-(f3S)-3-ffcvclobutylcarbonvl)amino]-3-phenvipropvlM-piperidine carboxviate 




A solution of the title compound of preparation 113 (10. 3g. 29.2mmol) in 
dichloromethane (200ml) was treated with diisopropylethylamine (5.72ml, 32.1mmol) and 
cyciobutanecarbonylchloride (3,66ml. 32.1mmol). The mixture was stirred at room 
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temperature under nitrogen for 18 hours then diluted with sodium carbonate solution and 
extracted with dichloromethane (2x). The combined organic extracts were washed with brine, 
dried (MgS04), filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanol (99:1) as eluant to 
afford the title compound, 4.63g. 

'H NMR (400MHz, CDCI3); 6 [ppm] 1.77-2.45 (16H, m), 2.80 (1H, m), 2.98-3.18 (2H, 
m), 5.11-5.26 (3H, m), 5.14 (2H, s), 7.18-7.45 (10H. m) 

LRMS; m/z 435.3 (MH") 



PREPARATION 115 

1-{(3S)-3-[(Cvclobutvlcarbonyl)amino1-3-phenvlpropyl)-4-piperidinecarboxYlic acid 




A solution the title compound of preparation 114 (7.63g, 17.6mmol) in ethanol (300ml) 
was hydrogenated at 1 atmosphere for 12 hours at room temperature using 10%palladium en 
carbon as a catalyst (700mg). The catalyst was removed by filtration through a glass-fibre 
filter, then the solvent was evaporated under reduced pressure to give the title compound as a 
white crystalline solid, 6.04g. 

NMR (400MHz, CD3OD): 5 [ppm] 1.16 (1H. m), 1.75-2.40 (13H, m), 2.75-3.05 (4H, 
m), 3.12 (1H. m). 3.23-3.45 (3H, m), 4.94 (1H, m). 7.23-7.46 (5H. m) 

LRMS: m/z 345.0 (MH*) 

PREPARATION 116 
1-Benzvl-4-(4/-/-1.2.4-triazol-4-vl)piperidine 




1-Benzyl-4-piperidinamine (617mg, 3.25mmol) was added to a solution of A/'-[(E)- 
(dimethylamino)methylidene]-A/,A/-dlmethy!hydrazonoformamide (550mg, 3.90mmol) 
[J.Am.Chem.Soc, (1995), 117(22). 5951] and p-to!uenesulphonic acid (62mg, 0.33mmol) in 
toluene (30ml). The reaction mixture was stirred for 24 hours at room temperature and the 
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solvent evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound as a white solid, 560mg. 

'H-NMR (300MHz. CDCis) : 6 [ppm] 1.92-2.21 (6H, m), 3.03 (2H, d), 3.55 (2H. s). 4.04 
(1H, m), 7.13-7.36 (5H, m), 8.21 (2H, s) 

PREPARATION 117 
1-Benzvl-4-(3.5-dimethvl-4H-1.2.4-triazol-4-vl)piperidine 




Lawessons reagent (11.69g. 28.9mmol) was added to a solution of A/-(1-benzyl-4- 
piperidinyl)acetamide (6.1g, 26.3mmol) [J.Med.Chem, (1996), 39(19), 3769] in tetrahydrofuran 
(100ml). The reaction mixture was stirred at room temperature for 18 hours, and then 
evaporated under reduced pressure. The residue was punfied by column chromatography on 
silica gel using dichloromethane:methanol:0.88 ammonia (93:7:0.3) as eluant, to give a yellow 
oil, 2.8g. 

Acetylhydrazide (919mg. 12.4mmol) was added to a solution of the intermediate 
thioamide and mercuric oxide (2.44g, 11.3mmol) in butanol (50mi). The reaction mixture was 
heated under reflux for 24 hours and then cooled and filtered through Arbocel® . The filtrate 
was evaporated under reduced pressure and the crude product was purified by column 
chromatography on silica gel using dichloromethane:methanol:0. 88 ammonia (95:5:0.5) as 
eluant, to afford the title compound, 1.80g. 

LRMS : m/z271 (MH'') 

PREPARATIONS 1 1 8 to 1 1 9 
The compounds of the following tabulated preparations: 




were prepared from the corresponding hydrazides, using similar methods to that 
described in preparation 117. 
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PREPAR 
ATION 


R 


YIELD 


DATA 


118 


'6 


38% 


NMR (300 MHz, CDCI3): 5 [ppm] 1.78 
(2H. t). 1.95 (1H, dd). 2.00 (1H, dd), 2.08 (2H, m), 
2.50 (3H, s), 2.81 (2H. d), 3.41 (2H, s), 3.78 (1H, 
m). 4.18 (2H, s), 7.15-7.39 (10H, m) 
LRMS: m/z 348 (MH") 


119 


6 


29% 


'H NMR (300 MHz, CDCI3): 5 [ppm] 1.78 
(2H, d). 1.95 (2H, t), 2.20 (2H, m), 2.63 (3H, s), 
2.93 (2H, d), 3.48 (2H, s), 4.18 (1H, m), 7.20 (5H, 
m). 7.40 (4H, m), 7.75 (1H. d) 

LRMS; m/z 333 (MH*) 



PREPARATION 120 

5 4-(3-Methvl-5-phenvl-4/-/-1 ,2,4-triazQM-vl)piperidine 




The title compound of preparation 119 (I.OOg, 3.00mmol) was dissolved in ethanol 
(30m!) and 20% w/w palladium hydroxide on carbon (500mg) and ammonium formate (0.95g, 
15.0mmol) added. The reaction was heated under reflux for 1 hour, cooled and filtered 
10 through a plug of Arbocel®. The filtrate was concentrated under reduced pressure and the 
cnjde product was purified by column chromatography on silica gel using 
dichloromethane:methano!:0.88 ammonia (80:20:1) as eluant to afford the title compound as a 
pale yellow oil, 400mg. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 1.78 (2H, d), 2.10 (1H, dd). 2.18 (1H, dd). 2.60 
15 (2H, m). 2.63 (3H. s), 3.20 (2H, d), 4.10 (1H, m), 7.50 (5H, m) 

LRMS: m/z 243 (MH*) 

PREPARATION 121 
4-(3-Benzvl-5-methvl-4H-1.2.4-triazol-4-yl)piperidine 
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N 



HN 



N 




Obtained from the title connpound of preparation 118 as an oil in 66% yield using a 
similar procedure to that in preparation 120. 



NMR (400 MHz, CDCI3); 5 [ppm] 1.20-1.23 (1H, m), 1.35-1.41 (1H, m). 1.80-2.00 
5 (4H. m), 2.38-2.48 (1H, m). 2.51 (2H, s), 3.02-3.10 (1H, m). 3.46 (3H, nn), 3.60-3.72 (1H, m). 
4.20 (1H, s), 7.15-7.35 (5H, m) 
LRMS; m/z 257.2 (MH") 



A mixture of N-benzyl-4-piperidinecarboxamide (2.49g, 11.4mmol) [J.A.C.S. (1977), 
99(6), 1858] and dimethylformamide dimethylacetal (10ml) was heated to 170X. allowing 
continuous removal of solvent, and the mixture stirred for 10 minutes. The reaction was then 
15 cooled to 120°C and stirred for 90 minutes, followed by a further 18 hours at room 
temperature. The resulting crystals were filtered off and washed with pentane to afford the title 
compound as a white crystalline solid, 1.75g. 



'H-NMR (300MHz, CDCI3) : 6 [ppm] 1.55 (2H, m), 1.75 (2H, d). 1.93 (2H, t), 2.16 (1H, 
m), 2.74 (2H. d), 2.94 (3H, s). 3.08 (3H, s), 3.40 (2H, s). 7.20-7.32 (5H, m), 8.33 (1H, s) 



PREPARATION 122 



10 



1-Benzvl-A/-f(g)-(dimethvlamino)methvlidene]-4-piperidinecarboxamide 




20 



LRMS : m/z 274 (MH^) 



PREPARATION 123 



1-Benzvl-4-(1-methvl-1H-1.2.4-triazol-5-vl)piperidine 



and 



25 



PREPARATION 124 



1-Benzvl-4-(1-methvl-1H-1.2.4-triazol-3-vl)piperidine 
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The title compound from preparation 122 (1.89g, 6.91 mmol) was added to a solution 
of methyl hydrazine (0.4ml, 7.60mmol) in acetic acid (20ml). The reaction mixture was heated 
to 92°C for 4 hours and the solvent was evaporated under reduced pressure. The residue was 
basified using sodium hydrogen carbonate and the product extracted with ethyl acetate (x4). 
The combined organic extracts were washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure to afford the title compounds as an oil, 2.74g. 

^H-NMR (300MHz, CDCI3) : 5 [ppm] 1.81-2.26 (6H, m), 2.88-3.06 (3H. m), 3.50-3.65 
(2H, d), 3.85 (2H, d), 7.21-7.40 (5H, m), 7.79-7.92 (2H, 2xs) 

LRMS : m/2 274 (MH*) 

PREPARATION 125 
feAt-Butyl 4-(aminocarbonvl)-1 -piperidinecarboxylate 




O 



Ethyl chloroformate (4.6ml, 48.3mmol) was added slowly to a solution of 1-(feyt- 
butoxycarbonyl)-4-piperidinecarboxyiic acid (10g, 43.6mmol) in dichloromethane (100ml) 
stirred at 0°C. Triethylamine (7.6ml, 52-3mmoi) was added with stirring over two minutes. 
0.88 Ammonia solution (40ml) was added and the mixture allowed to warm to room 
temperature with stirring. The mixture was washed with water, 1M citric acid solution and 
brine, dried (MgS04), filtered and evaporated under reduced pressure gave the title compound 
as white solid, 8.94g. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 1.43 (9H, m), 1.64 (2H, m). 1.83 (2H. m), 2.30 
(1H, m), 2.78 (2H, t), 4.16 (2H, d), 5.4 (2H, bs) 
LRMS: m/z251 (MNa*) 



PREPARATION 126 
fe/t-Butyl 4-fethoxv(imino)methvl1-1 -piperidinecarboxylate 
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A solution of the title compound of preparation 125 (2.80g, 12.2mmol) in 
dichloromethane (30ml) was added slowly to triethyloxonium hexafluorophosphate (3.30g. 
13.3mmol) in dichloromethane (20ml) at room temperature and the resultant mixture stirred at 
room temperature overnight. The mixture was basified with sodium hydrogen carbonate 
solution and then extracted with dichloromethane (x2). The combined organic solutions were 
dried (MgS04), filtered and evaporated under reduced pressure to afford the title compound 
as a thick yellow oil, 2.90g. 

NMR (400 MHz, CDCI3): 6 [ppm] 1.26 (3H. m), 1.43 (9H,s), 1.64 (2H, d). 2.31 (1H. 
m), 2.75 (4H. m). 4.10 (4H, m) 

LRMS: m/z 257 (MH") 

PREPARATION 127 
feft-Butvl-4-(5-benzvl-1AV-1.2.4-triazol-3-vl)-1-piperidinecarboxvlate 




Phenylacetyl chloride (2.26ml, 17.0mmol) was added to a solution of the title 
compound of preparation 126 (4.00g, 15.6mmol) and triethylamine (2.5ml, 1.60mmol) in 
toluene (26ml) and stirred at room temperature for 90 minutes. Hydrazine hydrate (0.91ml, 
19.0mmol) was added and the reaction mixture stirred at room temperature for 15 hours. The 
mixture was acidified by addition of 1M citric acid solution and extracted with ethyl acetate 
(x3). The combined organic solutions were washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by column chromatography on 
silica gel using dichloromethane:methanol (99:1) as eluantto afford the title compound, 1.70g. 

'H NMR (400 MHz, CDCI3): 5 [ppm] 1.34 (9H, s), 1.75 (2H, m), 2.00 (2H, d). 2.90 (3H. 
m). 4.12 (4H. m). 7.30 (5H, m) 

LRMS: m/z 343 (MH*) 



PREPARATION 128 



P60190 
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fert-Butvl 4-f5-ben2vl-1-methvM H-1 ,2.4-triazol-3-vn-1-piperidinecarboxvlate 




A solution of the title compound of preparation 126 (2-90g, 11.3mmol) and 
triethylamine (1.7nnl, 12.3mmol) in toluene (20ml) was treated with phenylacetyl chlonde 
5 (1.6ml, 12.1mmol) and stirred at room temperature for 1 hour. Methyl hydrazine (0.66mi, 
12.5mmol) was added dropwise and the mixture stirred at room temperature for 5 hours. The 
mixture was acidified by addition of 1M citric acid solution and extracted with ethyl acetate 
(x3). The combined organic solutions were washed with brine, dhed (MgS04), filtered and 
concentrated under reduced pressure to give a yellow oil. Purification of this residue by 
10 column chromatography on silica gel using dichloromethane: methanol (99:1) as eluant 
afforded the title compound, 1.1 Og. 

'H NMR (400 MHz. CDCI3): 5 [ppm] 1.41 (9H, s), 1.72-1.85 (2H, m), 2.00 (2H. m). 
2.83 (3H, m), 3.62 (3H, s), 4.10 (2H, s). 4.15 (2H, m), 7.15 (2H, d), 7.24-7.35 (3H, m) 

LRMS: m/z357 (MH*) 

15 

PREPARATION 129 
4-(5-Benzvl-1 H-^ ,2.4-tnazol-3-vl)piperidine trifluoroacetate 




A solution of the title compound of preparation 127 (530mg, 1.50mmol) in 
20 dichloromethane (5ml) at 0°C was treated with trifluoroacetic acid (1ml) and stirred at room 
temperature for 3 hours. The mixture was concentrated under reduced pressure, toluene 
(20ml) added and removed under reduced pressure to afford the title compound as a yellow 
oil, 1.09g. 

NMR (400 MHz, CD3OD): 5 [ppm] 2.03 (2H, m), 2.25 (2H. m), 3.20 (3H, m), 3.50 
25 (2H, m), 4.20 (2H, m), 7.30 (5H. m) 
LRMS: m/z 243 (MH*) 



P60190 
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PREPARATION 130 
4-(5-Benzvl-1-methvl-1H-1.2,4-triazol-3-v[)-1-piDeridine 




Obtained from the title compound of preparation 128 as an oil in 46% yield using a 
5 similar procedure to that in preparation 81. 

NMR (400 MHz, CDCI3): 5 [ppm] 1.72-1.85 (2H, m). 2.05 (2H. m). 2.76 (2H, t), 2.83 
(1H, m). 3.17 (2H, m). 3.60 (3H, s). 4.05 (2H. s), 7.15 (2H. d), 7.21-7.35 (3H. m) 
LRMS: m/2 258 (MH*) 

'10 PREPARATION 131 

Benzyl 4-f2-ffe/t-butoxvcarbonvl)hvdra2inoM-piperidinecarboxvlate 




NH 

o 



Benzyl 4-oxo-1-piperidinecarboxylate (lO.Og, 42.9mmol), fe/t-butyl-1- 
hydrazinecarboxylate (5.70g, 42,9mmol) and sodium triacetoxyborohydride (13.6g, 64.1mmol) 

15 were stirred together for 4 hours at room temperature in dichloromethane/acetic acid (40ml, 
10% solution). The solvents were evaporated under reduced pressure. The residue was 
basified with saturated sodium carbonate solution and extracted with ethyl acetate. The 
combined organic solutions were dried (MgS04), filtered and evaporated under reduced 
pressure to yield the title compound as a colourless gum, 14.2g. 

20 'h NMR (400 MHz. CDCI3): 5 [ppm] 1.23-1.39 (2H. m), 1.45 (9H, s), 1.71-1.87 (2H, 

m), 2.89-3.08 (3H. m), 3.61-3.69 (1H, m), 3.87-3.97 (1H, m), 3.97-4.10 (2H. m), 5.68-5.81 
(1 H, bs), 5.94-6.06 (1 H, bs), 7.26-7.39 (5H, m) 
LRMS: m/z 350,0 (MH*) 



25 



PREPARATION 132 
Benzyl 4-hvdrazino-1 -piperidinecarboxvlate 



P60190 
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The title compound of preparation 131 (I.OOg, 37.8mmol) in dichloromethane (250ml) 
was stirred at 0°C while trifluoroacetic acid (30ml, 390mmol) was added. The mixture was 
stirred for 16 hours and allowed to warm to room temperature. The solvents were removed 
5 under reduced pressure. The residue was basified with saturated sodium carbonate solution 
and extracted with dichloromethane (x4). The combined organic solutions were dned 
(MgS04), filtered and evaporated under reduced pressure. The residue was punfied by 
column chromatography on silica gel using an eluant of dichloromethane:methanol;0.88 
ammonia (95:5:0.5) to afford the title compound as a colourless gum, 4.25g. 
10 NMR (400 MHz, CDCI3): 5 [ppm] 1.23-1.35 (2H. m), 1.81-1.94 (2H. m). 2.61- 

2.71(1H, m), 2.86-3.00 (2H, m). 4.00-4.24 (2H, m), 5.11 (2H, s), 7.26-7.37 (5H, m) 

LRMS: m/z 250.1 (MH*) 

PREPARATION 133 

15 Benzyl 4-(3-benzvl-1 H-l ,2,4-triazQl-1 -vl)-1 -piperidinecarboxylate 




Phenylacetimidate (2.0g, lO.Smmol) and the title compound of preparation 132 (3.1g, 
10.8mmol) were stirred in dichloromethane (100ml) at room temperature for 1 hour. The 
solvent was removed under reduced pressure and the residue was heated under reflux for 2 

20 hours in triethyl orthoformate (50ml). The solvent was removed under reduced pressure. The 
residue was dissolved in ethyl acetate and washed with water (x2). The organic layer was 
dried (MgS04), filtered and evaporated under reduced pressure to give an oil which quickly 
crystallised on standing. The residue was purified by recrystallization from ethyl acetate to 
afford the title compound as a white solid, 1.73g. 

25 NMR (400 MHz. CD3OD): 5 [ppm] 1.87-2.00 (2H, m), 2.03-2.16 (2H, m), 2.94-3.15 

(2H, m), 4.00 (2H, s), 4.20-4.29 (2H, m), 4.40-4.50 (1H, m), 5.13 (2H, s), 7.13-7.19 (1H. m), 
7.19-7.40 (9H. m) 

LRMS: m/z 377.2 (MH*) 



30 



PREPARATION 134 
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4-(3-Benzvl-1H-1 ,2.4-triazoM-vl)piperidine 




Obtained from the title compound of preparation 133 as an oil in 88% yield using a 
similar procedure to that in preparation 120. 

'H NMR (400 MHz. CDCI3): 6 [ppm] 1.68-1.94 (2H, m), 2.10-2.20 (2H. m). 2.71-2.81 
(2H, m), 3.20-3.29 (2H, m), 4.06 (2H, s), 4.16-4.26 (1H, m), 7.16-7.23 (1H, m), 7.23-7.35 (4H, 
m). 7.97 (1H, s) 

PREPARATION 135 
Methyl 4-(2-imino-2-methoxvethvl)benzoate 




To a solution of methyl 4-(bromomethyl)benzoate (5.00g, 21.8mmol) and acetone 
cyanohydrin (3ml. 32.7mmol) stirring at room temperature in acetonitrile (200ml) was added 
1,1,3,3-tetramethylguanidine (5.8ml, 45.8mmol) and the mixture stirred for 16 hours. The 
solvent was removed under reduced pressure. The residue was triturated with diethyl ether 
(x3), filtered and the filtrate evaporated under reduced pressure. The residue was purified by 
filtering through a pad of silica, eluting with diethyl ether to afford a colorless oil, 4.0g. The oil 
was dissolved in 200ml of diethyl ether and gaseous hydrogen chloride was bubbled though 
the solution until saturated while stirring at O^C. Methanol (1.5ml, 37.2mmol) was added and 
the mixture stirred for 1 hour. The solvents were removed under reduced pressure and the 
residue was baslfied using saturated sodium carbonate solution and extracted with 
dichloromethane (x3). The combined organic solutions were dried (MgS04), filtered and 
evaporated under reduced pressure to afford the title compound as a colourless oil, 4.20g. 

NMR (400 MHz, CDCI3): 5 [ppm] 3.60 (2H. s), 3.74 (3H, s). 3.92 (3H, s). 7.26-7.32 
(2H, d). 8.00-8.06 (2H, d) 

LRMS: m/z 208.1 (MH^) 



PREPARATION 136 
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Sodium 4-fri-(M(3S)-3-f(fe/t-butoxvcarbonvl)aniinol-3-phenvlpropvlM-Diperidinvn- 
1 H-1 .2.4-triazol-3-v[1methvl)benzoate 




ONa 



The title compound of preparation 132 (3.50g, 14.04mmol) and the title compound of 
5 preparation 135 (2.90g, 14.04mmoi) were stirred together for 1 hour at room temperature 
methanol (50ml). The solvent was removed under reduced pressure. The residue was 
dissolved in triethylorthoformate (50ml) and heated under reflux for 3 hours. The solvent was 
removed under reduced pressure and the residue purified by column chromatography on 
silica gel using an eiuant of dichloromethane:methanol:0.88 ammonia (95:5:0.5). The residue 

10 (4.00g, 9.18mmol), ammonium formate (4.00g, 82.49mmol) and 20% w/w palladium hydroxide 
on carbon (400mg) were heated under reflux for 30 minutes in ethanol (100ml). The mixture 
was filtered through Arbocel® and the filtrate evaporated under reduced pressure. 

The residue (2.50g, 8.32mmoi), the title compound of preparation 7 (2.00g, 
8.32mmol) and sodium triacetoxyborohydride (2.50g, 12,48mmol) were stirred at room 

15 temperature for 1 hour in dichloromethane: acetic acid (30ml, 10%). The solvents were 
evaporated under reduced pressure and the residue was basified with saturated sodium 
carbonate solution and extracted with dichloromethane (x3) The combined organic solutions 
were dried (MgS04), filtered and evaporated under reduced pressure. The residue was 
puhfied by column chromatography on silica gel using dichloromethane:methanol:0.88 

20 ammonia (98:2:0.25) as eiuant to give a foam, 2.50g. The residue (1.00g, 1.87mmol) and 
sodium hydroxide (150mg, 3.74mmol) was stirred for 2 hours at 50°C in a mixture of 
dioxane:water (5:1). The solvents were removed under reduced pressure to afford a white 
solid. 993mg. 

LRMS: m/z 520.1 (MH*) 

25 

PREPARATION 137 
/V-/4-f(1-^1-[1-(Benzvloxv)vinvl1-4-piperidinvlV1H-1,2.4-triazol-3- 
vDmethynphenyllmethanesulphonamide 
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The title compound of preparation 131 {1.90g, 9.04mmol) was stirred at room 
temperature in diethyl ethermethanol (100ml, 4:1) while hydrogen chloride gas was bubbled 
through the solution until saturated. The mixture was stirred for 16 hours and the solvents 
5 were removed under reduced pressure. The residue was basified with saturated sodium 
carbonate solution and extracted with dichloromethane (x3). The combined organic solutions 
were dned (MgS04), filtered and evaporated under reduced pressure. 

In a separate flask the title compound of preparation 47 (1.00g, 4.76mmol) was 
dissolved in 20ml of diethyl ether and gaseous hydrogen chlohde was bubbled though the 
10 solution until saturated while stirring at 0°C. Methanol (1.5ml, 37.2mmol) was added and the 
mixture stirred for 1 hour. The solvents were removed under reduced pressure and the 
residue was basified using saturated sodium carbonate solution and extracted with 
dichloromethane (x3). The combined organic solutions were dried (MgS04), filtered and 
evaporated under reduced pressure. The crude hydrazine (595mg, 2.46mmol) and the 
15 intermediate amidoxime (600mg, 2.41 mmol) were stirred together at room temperature for 3 
hours in 40ml of methanol. The solvent was removed under reduced pressure. The residue 
was dissolved in triethyl orthoacetate (30ml) and heated under reflux for 30 minutes. The 
solvent was removed under reduced pressure. The residue was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as 
20 eluant to afford the title compound as a foam, 560mg. 

NMR (400 MHz, CD3OD): 6 [ppm] 1.68-2.00 (2H, m). 2.05-2.15 (2H, m), 2.90 (3H, 
s), 2.97-3.11 (2H, m). 3.99 (2H, s), 4.21-4.31 (2H. m), 4.40-4.50 (1H, m), 5.15 (2H, s), 7.11- 
7.16 (2H, d), 7.16-7.26 (2H. d). 7.30-7.39 (4H, m), 8.35 (1H. s) 
LRMS: m/z 492.1 (MNH/) 

25 

PREPARATION 138 

ferf-Butvl-(1S)-3-r4-(3-^4-r(methvlsulphonvl)amino1benzyl)-1H-1.2.4-triazol-1-vl)-1- 
piperidinylM-phenylpropvlcarbamate 



P60190 
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The title compound of preparation 137 (500mg. 1.06mniol), ammonium formate 
(SOOmg, 7.93mmot) and 20% w/w palladium hydroxide on carbon (50mg) were heated under 
reflux in ethanol (20ml) until gas evolution ceased. The mixture was filtered through Arbocel® 
5 and the filtrate evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel using gradient elution of dichioromethane:methanol:0.88 
ammonia (90:10:1 to 80:20:4). The residue (300mg, 0.89mmol) and the title compound of 
preparation 7 (222mg, 0.88mmol) and sodium triacetoxyborohydride (285mg, 1.34mmol) were 
stirred together at room temperature for 30 minutes in a mixture of dichloromethane:acetic 

10 acid (30mi, 10%). The solvents were removed under reduced pressure and the residue was 
basified with saturated sodium carbonate solution and extracted with ethyl acetate (3x). The 
combined organic solutions were dried (MgS04), filtered and evaporated under reduced 
pressure to afford the title compound as a white solid, 407mg. 

NMR (400 MHz. CDCI3): 5 [ppm] 1.31-1.48 (9H, m), 1.48-1.60 (2H, m), 1.77-1.90 

15 (1H. m), 1.90-2.23 (4H, m). 2.26-2.44 (2H, m). 2.95 (3H, s), 3.02-3.10 (1H, m), 3.66-3.74 (1H, 
m), 4.03 (2H. s). 4.06-4.16 (1H, m). 4.74-5.02 (2H, m), 6.16-6.26 (1H, m), 6.35-6.44 (1H, m), 
7.10-7.15 (2H. d), 7.19-7.37 (7H, m). 7.00 (1H, s) 

PREPARATION 139 

20 Benzyl 4-(3-benzvl-5-methvl-1 H-l ,2.4-tnazol-1 -vH-l -piperidinecarboxylate 




Hydrogen chloride gas was bubbled through a solution of the title compound of 
preparation 131 (3.00g, 8.59mmol) in methanol (50ml), at 0°C. for 1 hour. The solvent was 
removed under reduced pressure and the residue dissolved in dichloromethane (50ml) and 
25 triethylamine (2.51ml, 18.00mmol) and phenylacetimidate hydrochloride (1.59g, 8.59mmol) 
added. The reaction was stirred at room temperature for 1 hour and the solvent removed 
under reduced pressure, the residue was dissolved in triethyl orthoacetate (20ml) and heated 
under reflux for 12 hours. The reaction was cooled, the solvent removed under reduced 
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pressure and the resulting brown oii was purified by column chromatography on silica gel 
using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to afford the title 
compound as a pale yellow oil, 2.20g. 

NMR (300 MHz. CDCI3): 5 [ppm] 1.83 (2H, d). 2.08 (1H, dd), 2.20 (1H, dd). 2.40 
(3H, s), 2.85 (2H, m), 3.95 (2H, s), 4.10 (1H. m), 4.38 (2H, m). 5.18 (2H, m). 7.05-7.39 (10H. 
m) 

LRMS: m/z 391 (MH") 

PREPARATION 140 
4-(3-Ben2vl-5-methvl-1 H-^ .2.4-triazol-1 -vOpiperldine 




Obtained from the title compound of preparation 139 as an oil in 100% yield using a 
similar procedure to that in preparation 120. 

NMR (300 MHz, CDCI3): 5 [ppm] 2.03-2.38 (4H, m). 2.41 (3H, s), 3.01 (2H, m), 
3.43 (2H, m). 4.01 (2H. s), 4.23 (1H, m), 7.18 (5H, m), 8.43 (1H, s) 

LRMS: m/z 257 (MH*) 

PREPARATION 141 
tert-BuM (1S)-3-r4-(3-benzvl-5-methvl-1H-1.2.4-tria2ol-1-vn-1-piperidinvn-1- 
phenylpropvlcarbamate 




Obtained from the title compounds of preparations 7 and 140 as an oii in 59% yield 
using a similar procedure to that in preparation 80. 

'H NMR (400 MHz. CDCI3): 6 [ppm] 1.41 (9H, s), 1.85 (4H, m). 2.05 (4H. m). 2.38 
(4H, m), 2.41 (3H, s). 2.98 (1H, d), 3.14 (1H. d), 4.00 (2H, s), 4.81 (1H. s). 7.28 (10H, m) 

LRMS: m/z 491 (MH") 



PREPARATION 142 
(1SV344-f3-Benzvl-5-methvl-1H-1,2.4-triazol-1-vl)-1-plperidinvi1-1-phenvl-1- 

propanamine 
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The title compound of preparation 141 (1.7Qg, 3.50niniol) was dissolved in methanolic 
hydrochloric acid (30ml, 2.5M) and stirred at room temperature for 2 hours. The solvent was 
removed under reduced pressure and saturated sodium carbonate added. The aqueous was 
extracted with dichloromethane (3x), the combined organic solutions were dried (MgSO^), 
filtered and the solvent removed under reduced pressure to afford the title compound as a 
clear oil, 1 .40g. 

NMR (300 MHz, CDCls): 5 [ppm] 1.68-1.91 (6H, m), 1.98-2.18 (3H, m), 2.21 (2H, 
m), 2.38 (4H. m), 3.13 (2H, m), 3.89-4.03 (4H, m). 7.18-7.41 (10H, m) 
LRMS; m/z 390 (MH") 



15 



20 



PREPARATION 143 

A/-|(1S)-3-[4-(3-Benzvl-5-methvl-1H-r2,4-tnazol-1-vl)-1-pipehdinvl1-1-phenvlpropyl}-3- 

azetidinecarboxamide 



HN — I 




25 



1-(3-Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (177mg, 0.93mmoi) 
was added to a stirred solution of the title compound of preparation 13 (186mg, 0.93mmol) 
and the title compound of preparation 142 (300mg, 0.76mmol) in dichloromethane (20ml). 
After 1 hour trifluoroacetic acid (5ml) was added and the reaction stirred for 12 hours. The 
solvent was removed under reduced pressure and the resulting oil was loaded directly onto a 
column of silica and eluted with dichloromethane:methanol;0.88 ammonia (95:5:0.5) to afford 
the title compound as a white foam, 200mg. 

'H NMR (300 MHz, CDCI3): 6 [ppm] 1.78-2.40 (15H, m), 2.96 (1H, d). 3.12 (1H. d). 
3.39 (2H. m). 3.66-4.02 (6H. m). 5.06 (1H, dd), 7.08-7.19 (9H. m), 8.03 (1H. d) 

LRMS: m/z 473 (MM*) 



PREPARATION 144 
1 -Benzyl A/-methvl-4-piperidinecarboxamide 
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/V-Benzyl 4-piperidinecarboxylic acid (S.OOg, 22.8mmol), 1-(3-dimethyIaminopropyl)-3- 
ethyl-carbodiimide hydrochloride {5.25g, 27.4mmoi) and 1-hydroxybenzotriazole hydrate 
(3.84g, 25.1 mmol) were added to a solution of methylamine (11,4nnl of a 2.0M solution in 
tetrahydrofuran. 22.8mmol) in dichioromethane (lOOmi). The nnixture was stirred for 1 hour at 
room temperature, then partitioned between dichioromethane and water. The organic layer 
was separated and washed with brine, dried (MgS04), filtered and evaporated under reduced 
pressure to furnish a pale yellow solid, 3.50g. 

'H NMR (300 MHz, CDCI3): 6 [ppm] 1.78 (3H. m). 2.05 (3H. m). 2.79 (3H, d), 2.98 
(3H. m), 3.50 (2H, s). 7.21 (m, 5H) 

LRMS: m/z233 (MH'') 

PREPARATION 145 
1-Benzvl-4-f5-benzvl-4-methvl-4H-1.2.4-triazol-3-vl)piperidine 




Lawesson's reagent (6.76g, 16.7mmoi) was added in one portion to a solution of the 
title compound of preparation 144 (3.50g, 15.2mmol) in toluene (100ml) and the mixture 
stirred at room temperature overnight. The reaction mixture was filtered through a short plug 
of silica gel washing with dichioromethane (100ml) and the solvent removed under reduced 
pressure to furnish a yellow foam, 5.00g. The foam was dissolved in n-butanol (100ml) and 
mercury(ll)oxide (4.81g, 22.2mmoi) and phenylacetic hydrazide (3.02g, 20.2mmol) added. The 
reaction was heated under reflux for 12 hours, cooled, filtered through a plug of Arbocel® and 
the solvent removed under reduced pressure. The crude product was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound as a pale yellow oil, 0.85g. 

'H NMR (300 MHz, CDCI3); 5 [ppm] 1.60-2.20 (6H. m). 2.80-3.00 (3H, m), 3.28 (3H, 
s), 3.58 (2H, m), 4.19 (2H, m). 7.19-7.40 (10H, m) 

LRMS: m/z 347 (MH*) 

PREPARATION 146 
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4-(5-Ben2v[^-methvi-4H-1 .2,4-triazol-3-vl^piceridine 



HN 




Obtained from the title compound of preparation 145 as an oil in 41% yield using a 
similar procedure to that in preparation 120. 



Sodium borohydride (160mg, 4.20mmol) was added to a stirred solution of the title 
compound of preparation 102 (1.35g, 3.53mmol) in methanol (15ml) and the reactants stirred 
at ambient temperature for 2 hours. The methanol was evaporated under reduced pressure 
15 and the residue partitioned between dichioromethane and water. The organic extract was 
separated, concentrated under reduced pressure and the residue purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (90:10:1) as 
eluant, to afford the title compound as an oil, 860mg. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.79 (2H. m), 2.23 (4H. m), 2.65 (2H. m), 3.46 
20 (2H, s). 3.74 (2H, s), 4.05 (2H. s), 7.02 (2H, m), 7.26 (7H. m) 
LRMS m/2 382.4 (MH*) 



5 



NMR (300 MHz, CDCI3): 5 [ppm] 1.95 (4H. m), 2.20-2.60 (4H, br m), 2.80 (3H, m). 
3.31 (2H, m). 4.20 (2H, s), 7.10-7.40 (5H, m) 
LRMS: m/z 257 (MH*) 



PREPARATION 147 



10 



(1 -Benzyl-4-f3-(4-fluoroben2vl)-1 ,2,4-oxadiazo[-5-vl1-4-piperidinvi}methanol 




PREPARATION 148 
1-Benzvl-4-f3-(4-f]uorobenzvl)-1.2,4-oxadiazo!-5-vl1-4-(methoxvmethvnpiperidine 
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To a stirred solution of the title compound of preparation 147 (495mg, 1.31mmol) in 
dry acetonitrile (8nnl) was added potassium fe/1-butoxide (184mg, 1.56mmol) and methyl 
tosylate (296mg, 1.56mmol) and the solution stirred at ambient temperature for 5 days. The 
solution was partitioned between ethyl acetate and water. The organic layer was separated, 
concentrated under reduced pressure and purified by column chromatography on silica gel 
using methanoI:dichloromethane (95:5) as eluant, to afford the title compound as an oil 
270mg, 

NMR (300 MHz. CDCI3): 6 [ppm] 1.82 (2H, m). 2.05 (2H. m). 2.50 (2H, m). 2.70 
(2H, m). 3.22 (3H. s), 3.42 (2H, s). 3.52 (2H, s). 4.04 (2H. s). 7.02 (2H. m), 7.26 (7H, m) 
LRMS m/z 396.5 (MH*) 

PREPARATION 149 
4-f3-f4-Fluorobenzv l)-1.2.4-oxadiazol-5-vn-4-(methoxvmethvl)piperidine 




F 



1-Chloroethyl chloroformate (0.96ml, 0.87mmol) was added to a solution of the title 
compound of preparation 148 (265mg, 0.67mmol) in dichloromethane (5ml). The reaction 
mixture was stirred for 24 hours at ambient temperature, then concentrated under reduced 
pressure. The residual oil was dissolved in methanol (5ml) and the reaction mixture heated 
under reflux for 2 hours. Silica gel was added to the cooled solution, which was concentrated 
under reduced pressure and purified by column chromatography on silica gel using 
dich!oromethane:methanol:0.88 ammonia (95:5:0.5) as eluant, to afford the title compound as 
a gum, 160mg. 

NMR (300 MHz. CDCI3): 5 [ppm] 2.01 (2H, m), 2.39 (2H. m), 2.81 (2H, m). 3.24 
(5H. m). 3.53 (2H, s). 4.05 (2H, s), 7.02 (2H. m). 7.26 (2H, m) 
LRMS m/z 306 (MH*) 
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PREPARATION 150 

fe/t-Butyl (1S)-3-f4-[3-(4-f1uorcb8nzvi)-1,2,4-oxadiazQl-5-vn-4-(methoxvmethvi)-1- 
piperidinvl]-1 -phenylpropylcarbamate 

5 




Obtained from the title compounds of preparations 7 and 149 as an oil in 93% yield 
using a similar procedure to that in preparation 80. 

'H NMR (300 MHz, CDCI3): 5 [ppm] 1.28 (9H, s), 1.87 (6H, m), 2.28 (4H, m), 2.66 
10 (1H, m), 2.78 (1H, m), 3.22 (3H, s), 3.49 (2H, s). 4.04 (2H. s), 4.77 (1H, m), 6.72 (1H. m). 6.98 
(2H, t), 7.25 (7H, m) 

LRMS; m/z 539.6 (MH") 



PREPARATION 151 

15 (1S)-3-r4-f3-(4-FluorQbenzvl)-1 .2.4-oxadiazol-5-yl]-4-(methoxvmethvl)-1-piperidiny[1-1- 

phenyl-1-propanamine 




Obtained from the title compound of preparation 150 as an oil in 98% yield using a 
similar procedure to that in preparation 81. 
20 LRMS: m/z 439.7 (MH*) 
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EXAMPLE 1 

/V-|(1S)-3-f4-(3-Benzvl-1.2.4-oxadiazol-5-vl)-1-piperidinvlM- 
phenvlpropvUcvclobutanecarboxamide 




5 The title compounds of preparation 39 (200mg, 0.82mmol) and preparation 8 (285mg, 

1.23nrimol) were stirred together with sodium triacetoxyborohydride (209mg, 0.98mmol) in 
dich!oromethane:acetic acid (10ml, 10%) for 4 hours at room temperature. Saturated aqueous 
sodium bicarbonate solution was added and the product extracted with dichloromethane (3x). 
The combined organic layers were washed with water and brine, dried (MgS04), filtered and 
10 the solvent evaporated under reduced pressure. The product was purified by chromatography 
on silica gel using ethyl acetate:methanol (95:5) as eluant, then dissolved in diethyl ether 
saturated with hydrogen chloride gas. Evaporation to dryness provided the title compound as 
the hydrochloride salt, 60mg. 

Found C, 64.68; H, 7.26; N, 10.51% 
15 C28H34N402;1HCI;1.4H20 requires C, 64.64; H, 7.32; N, 10.77% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.78-2.20 (13H, m), 2.20-2.40 (3H, m). 2.81-2.95 
(2H, m), 2.95-3.00 (2H, m). 4.05 (2H, s), 5.10 (1H. m), 7.17-7.25 (2H. m), 7.25-7.35 (7H. m). 
7.45-7.55 (1H. m) 

LRMS: m/z459 (MH^") 
20 [ah: -45.6 (c = 0.34, methanol) 



EXAMPLE 2 

A/-{1-Phenvl-3-f4-(4/-/-1.2.4-triazol-4-vl)-1-piperidinvnpropvl)cvclobutanecarboxamide 

0 

H 

-N 




25 The title compound of preparation 116 (560mg, 2.31 mmol) was dissolved in ethanol 

(20ml) and 20% w/w palladium hydroxide on carbon (500mg) and ammonium formate 
(728mg, 11.5mmol) added. The reaction was heated under reflux for 1 hour, cooled and 
filtered through a plug of Arbocel®. The filtrate was concentrated under reduced pressure and 
the resulting oil and the title compound of preparation 3 were used to prepare the title 
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compound using a similar method to example 1. The reaction mixture was purified by column 
chromatography on silica gei using dichloromethane;methanol;0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound as a white foam, 50mg. 

Found C, 66.90; H, 7.92; N, 18.68% 
5 C2iH29N5O;0.5H2O; requires C, 66.64; H, 7.95; N, 19.06% 

'H-NMR (300 MHz, CDCI3): 5 [ppm] 1.82-2.45 (17H. m), 2.95-3.12 (3H. m). 4.05 (1H, 
m), 5.13 (1H, m). 7.21-7.40 (5H, m), 8.21 (2H, m) 

LRMS: m/z 368 (MH*) 

10 EXAMPLE 3-5 

The compounds of the following tabulated examples with the general formula: 

O 

/^N^ y \ ^ 

were prepared using a similar method to example 2 from the title compound of 
preparation 3 and the corresponding benzylamine. 
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EXAMPLE 


R 


YIELD 


DATA 


3^ 


' — N 

/V-{3-[4-(1- 
Methyi-1/-/-1.2.4- 
tnazoI-5-yl)-1- 
piperidinyl]-1- 
pheny!propyi}cyclobuta 
necarboxamide 


9% 


Found C. 52.96; H. 7.16; N, 

13.01% 

C22H3iN5O;HCI;1.1CH2Cl2;0-8H2O 
requires C, 52.77; H. 6.86; N, 13.32% 

'H-NMR (400 MHz, CDCI3): 5 
[ppm] 1.75- 2.46 (16H. m), 2.75 (1H. m), 
2.95-3.20 (3H, m). 3.85 (3H. s). 5.12 (1H, 
m). 7.19-7.40 (5H, m), 7.60 (1H. d). 7.81 
(IH.s). 

LRMS: m/z 382 (MH') 




\ 

A/-{3-[4-(1- 
Methyl-1H-1.2.4- 
triazol-3-yI)-1- 
piperidinyl]-1- 
phenylpropyl}cyclobuta 
necarboxamide 


10% 


Found C, 53.42; H, 7.10; N, 

13.57% 

C22H3iN5O;HCI;CH2Ct2;0.8H2O 
requires C, 53.40; H. 6.94; N. 13.54% 

^H-NMR (400 MHz. CDCI3): 5 
[ppm] 1.76-2.43 (16H, m), 2.79 (1H, m). 
2.88 (1H, d), 3.08 (2H, m). 3.83 (3H, s), 
5.48 (1H, m), 7.15-7.35 (5H. m), 7.92 (1H. 
s). 8.06 (1H. d) 

LRMS: m/z 382 (MH') 


5 


N— N 

/V-{3-[4-(3,5- 
Dimethyl-4/-/-1,2,4- 
triazol-4-yl)-1- 
piperidinyl]-1- 
phenylpropyl}cyclobuta 
necarboxamide 


4% 


'H-NMR (300 MHz, CDCI3): 5 
[ppm] 1.80-2.40 (16H, m), 2.50 (6H, s), 
3.00 (1H. t). 3.12 (2H, d), 3.83 (1H, m). 
5.12 (1H, m), 6.55 (1H, d). 7.23-7.39 (5H, 
m) 



1 = Product obtained as the hydrochloride salt 



EXAMPLE 6 

A/-/1-Phenvl-3-f4-(3-methvl-1.2.4-oxadiazol-5-vl)-1- 



piperidinyllpropvDcvclobutanecarboxamide 



P60190 



- 124 - 




A mixture of the title compound of preparation 21 {566mg, 2.27mmol) and sodium 
hydroxide (136mg, 3.41mmol) in ethanol (20ml) was stirred for 2 hours at room temperature 
and the solvent evaporated under reduced pressure. This intermediate and the title compound 
5 of preparation 3 were then used to prepare the title compound using a similar method to 
example 1. The reaction mixture was puhfied by column chromatography on silica gel using 
dichloromethane:methanol:0.88 ammonia (98:2:0.25). The product was dissolved in 
methanolic hydrochloric acid (3ml, 2.5M), and the solvent evaporated under reduced pressure 
to afford the title compound, 85mg. 
10 Found C, 62.16; H, 7.53; N, 12.19% 

C22H3oN402;HCI;0.6MeOH; requires C. 61.69; H, 7.70; N, 12.73% 

NMR (300 MHz. CDCI3): 5 [ppm] 1.80-2.45 (16H. m). 3.06-3.40 (6H, m), 3.62-3.80 
(2H, m), 5.00 (1H, dd), 7.20-7.40 (5H, m) 
LRMS: m/z 383 (MH*) 

15 

EXAMPLE 7 

A/-{1-Phenvl-3-f4-(3-phenvi-1.2.4-Qxadiazol-5-vn-1- 
piperidinvllpropvDcvclobutanecarboxamide 




20 The title compounds of preparations 3 and 37 were used to prepare the title 

compound using a similar method to example 1. The reaction mixture was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (98:2:0.25) as 
eluant to afford the title compound, 218mg. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.60 (3H, s), 1.78-2.48 (14H, m). 2.93 (1H, d), 
25 3.04 (2H, m), 5.13 (1H, m). 7.20-7.40 (5H, m), 7.50 (3H, m), 8.09 (2H, m) 
LRMS: m/z 445 (MM*) 

EXAMPLE 8-15 

The compounds of the following tabulated examples with the general formula: 
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were prepared using a similar method to example 1 from the title compound of 
preparation 3 and the corresponding amine. 
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EXAMPLE 


R 


YIELD 


DATA 


8 


A/-{3-[4-(3- 
Benzyl-1,2,4- 
oxadta2oI-5-y[)-1- 
piperidinyl]-1- 
pheny!propyl}cycIobuta 
necarboxamide 


51% 


NMR (300 MHz, CDCI3): 5 
[ppm] 1.74-2.42 (9H, m), 2.48-3.20 (8H, 
m), 3.17-3.55 (2H, m), 3.68 (1H, m), 4.06 
(2H, d), 4.97 (1H, s). 7.20-7.40 (10H, m), 
8.98 (1H. m) 

LRMS : 459 (MH*) 


9 


A/-{3-{4-[3-(4- 
Methoxyphenyl)-1 ,2,4- 
oxadiazoi-5-yl]-1- 
piperidinyl}-1- 
phenylpropyi)cyclobuta 
necarboxamide 


32% 


5 

NMR (300 MHz, CD3OD): 5 

[ppm] 1.80-2.58 (14H, m). 3.04-3.84 (4H, 

m), 3.88 (3H. s), 4.96-5.06 (1H, m), 7.08 

(2H, d). 7.22-7.46 (5H, m), 7.98 (2H, d) 

LRMS: m/z476 (MH*) 


10 


Y V- 

/V-{3-[4-(5- 
Methyl-1,2,4- 
oxadiazol-3-yi)-1- 
piperidinylj-l- 
phenylpropyl}cyclobuta 
necarboxamide 


5% 


^H NMR (300 MHz. CD3OD): 5 
[ppm] 1.80-2.40 (15H, m). 2.58 (3H, s), 
3.03-3.24 (5H, m), 3.89 (1H, m). 4.97 (1H, 
m), 7.25-7.40 (5H, m) 

LRMS: m/z 383.3 (MH") 

Melting point [°C]: >60 (softens 

to gum) 


1V 


A/-{1-Phenyl-3- 
[4"(5-phenyl-1,2.4- 
oxadiazol-3-yl)-1- 
piperidinyl]propyl}cyclo 
butanecarboxamide 


30% 


'H NMR (300 MHz, CD3OD): 5 
[ppm] 1.78-1.92 (1H. m), 1.92-2.05 (1H. 
m). 2.05-2.45 (11H, m), 3.10-3.55 (6H. 
m). 3.40-3.62 (1H. m), 3.62-3.80 (1H. m), 
7.20-7.45 (5H, m), 7.52-7.69 (3H, m). 
8.05-8.18 (2H, m) 

LRMS: m/z 445.2 (MH*) 
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12' 


/V-{3-[4-(5- 
Benzyl-1.2.4- 
oxadiazol-3-yl)-1- 
piperidinyl]-1- 
phenylpropyl}cycIobuta 
necarboxamide 


35% 


Found C, 62.23; H, 7.26; N, 

10.15%. 

C28H34N402:1HCI;2.5H20 requires 
C, 62.23; H, 7.46; N, 10.37%). 

NMR (300 MHz.CDaOD): 5 
[ppm] 1.78-2.40 (12H, m). 3.04-3.38 (6H. 
m), 3.58-3.75 (2H, m), 4.20-4.35 (2H. m), 
4.92-5.11 (1H. m), 7.21-7.45 (10H, m) 

LRMS: m/z 459.2 (MH") 


13 


A/-{3-[4-(5- 
Methyl-1,3,4- 
oxadiazol-2-y!)-1- 
piperidinyl]-1- 
phenylpropyQcyclobuta 
necarboxamide 


67% 


NMR (300 MHz. CDCI3): 5 
[ppm] 1.76-2.62 (16H, m), 2.53 (3H, s), 
2.83-3.15 (4H, m). 5,18 (1H, m), 7.20- 
7.38 (5H, m), 7.52 (1H, d) 

LRMS: m/z 384 (MH*) 


1V 


N— N 

A/-{1-Phenyl-3- 
[4-(5-phenyI-1,3.4- 
oxadiazol-2-y!)-1- 
piperidinyl]propyl}cyclo 
butanecarboxamide 


95% 


'H NMR (300 MHz, CD3OD): 5 
[ppm] 1.82-2.34 (9H, m). 2.52 (2H, d). 
3.07-3.83 (10H. m), 5.01 (1H, m), 7.27- 
7.42 (5H. m), 7.60 (3H, m). 8.06 (2H. m) 

LRMS; m/z 445 (MH') 


15 


A/-{3-[4-(5- 
Benzy!-1.3,4- 
oxadiazol-2-yl)-1- 
piperidinyl]-1- 
pheny!propyl}cyclobuta 
necarboxamide 


8% 


'H NMR (300 MHz, CD3OD): 6 
[ppm] 1.78-2.38 (14H, m), 2.92-3.22 (5H. 
m), 3.56-3.78 (3H, m). 4.19-4.25 (1H. m). 
7.12 7.58 (10, m) 

LRMS: m/z 459.2 (MH*) 



1 = Product obtained as the hydrochloride salt 
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EXAMPLE 16 

Ay-f(1S)-3-f4-(3-Ben2vl-1.2.4-oxadiazol-5-vl)-1-piperidinvn-1-(3-f1uorophenv[)propvi]-2- 

cyclopropylacetamide 




5 Diisobutylaluminium hydride (42.1ml of a 1.0M solution in dichloromethane, 

42.1mmol) was added dropwise to a solution of the title compound of preparation 12 (5.7g, 
19.1mmol) in dichloromethane (100ml) at -78°C. The reaction mixture was stirred at this 
temperature for 1 hour, then methanol (5ml) pre-cooled to -78°C was added. The mixture was 
warmed to room temperature and washed with 2M hydrochloric acid, water and brine, dried 

10 (MgS04), filtered and the solvent evaporated under reduced pressure to afford the aldehyde 
as a yellow oil, 3.3g. From this oil (485mg, I.SImmol), the title compound of preparation 39 
(420mg, 1.81mmol) and sodium triacetoxyborohydride (578mg, 2.73mmol) were stin-ed 
together for 72 hours at room temperature in dichloromethane:acetic acid (30ml, 10%). The 
solvents were evaporated under reduced pressure. The residue was dissolved in ethyl acetate 

15 and washed with saturated aqueous sodium carbonate solution then water. The organic layer 
was dried (MgS04), filtered and evaporated under reduced pressure. The residue (700mg, 
1.42mmol) was stirred for 1 hour at room temperature in dichloromethane (14ml) and 
trifluoroacetic acid (14ml). The solvents were evaporated under reduced pressure. The 
residue was basified with saturated aqueous sodium bicarbonate solution and extracted with 

20 dichloromethane (3x). The combined organic layers were dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by column chromatography on 
silica gel using dichlorormethane:methanol:0.88 ammonia (97:3:0.3) as eluant. A portion of 
the residue (100mg, 0.25mmol), 2-cyclopropylacetic acid (28mg, 0.28mmol), 1- 
hydroxybenzotriazole hydrate (41 mg, 0.3mmol), 1-(3-dimethylaminopropyl)-3-ethyl- 

25 carbodiimide hydrochloride (63mg, 0.33mmol) and triethyiamine (46^1, 0.33mmol) were stin-ed 
for 2 hours at room temperature in dichloromethane (20ml). The solvent was evaporated 
under reduced pressure. The residue was dissolved in ethyl acetate and washed with water. 
The organic layer was dried (MgS04), filtered and evaporated. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanol:0.88 ammonia 

30 (98:2:0.25) as eluant to afford the title compound as an oil, 97mg. 

NMR (400 MHz, CDCI3): 5 [ppm] 0.16-0.23 (2H, m), 0.58-0.65 (2H, m), 0.97-1.08 
(1H, m), 1.81-1.97 (3H, m), 1.97-2.23 (7H, m), 2.23-2.40 (2H, m), 2.82-2.95 (2H, m). 2.95- 
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3.05 (1H. m). 4.05 (2H, s), 5.08-5.16 (1H, m), 6.89-7.00 (2H, m). 7.00-7.06 (1H. d). 7.23-7.35 
(6H. m), 7.63-7.71 (1H, m) 

LRMS: m/z 477.3 (MH*) 



EXAMPLE 17 

A/-((1S)-3-{443-(4-Methvlbenzvl)-1.2.4-Qxadiazol-5-vl1-1-pipendinvl)-1^ 
phenvlpropvDcvclobutanecarboxamide 
O 




The title compound of preparation 77 (200mg, 0.56mmol) in dichloromethane (lOnnI) 
10 was treated with trifluoroacetic acid (4ml). The solution was stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (131mg, 
15 0.51mmol), the title compound of preparation 8 (130mg, 0.56mmol) and sodium 
triacetoxyborohydride (162mg, 0.76mmol) were stirred in dichloromethane:acetic acid (20ml, 
10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
20 evaporated under reduced pressure. The residue was purified by preparative HPCL 
(phenomonex magellenCia (2) aqueous TFA O.r/o:acetonitnle 1:19-19:1) to afford the title 
compound, 38mg. 

'H NMR (400MHz, CDCI3): 5 [ppm] 1.71-2.60 (16H, m), 2.61-2.82 (1H, m), 2.81-3.25 
(4H, m), 3.32-3.83 (2H, m), 4.02 (2H, s), 4.95 (1H, s). 6.75 (1H, m), 7.15-7.47 (9H, m) 
25 LRMS: m/z 473.3 (MH*) 



EXAMPLE 18 

N-K 1 S)-3-{4-r3-(4-Trifluoromethvlbenzvl)-1 .2.4-oxadiazol-5-vl1-1 -piperidinylM - 



phenylpropYDcvclobutanecarboxamide 
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O 



F 

The title compound of preparation 78 (221 mg, 0.54mmol) in dichloromethane (lOml) 
was treated with trifluoroacetic acid (4ml). The solution was stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
5 between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (164mg, 
0.53mmol), the title compound of preparation 8 (134mg, 0.58mmol) and sodium 
tnacetoxyborohydhde (168mg, 0.70mmol) were stirred in dichloromethane:acetic acid (20ml, 
10 10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex mageilenCia (2) aqueous TFA 0.1%:acetonitrtle 1:19-19:1) to afford the title 
15 compound, 40mg. 

NMR (400MH2, CDCI3): 5 [ppm] 1.46-2.61 (13H, m), 2.61-3.25 (5H, m), 3.45 (1H, 
m), 3.72 (1H, m), 4.13 (2H, s), 4.95 (1H. m), 6.65 (1H, m). 7.13-7.45 (7H. m). 7.42 (1H. d). 
7.58 (1H. d) 

LRMS: m/2 527.4 (MH*) 

20 

EXAMPLE 19 

N-(( 1 S)-3-(4-f3-( 1 ,3-Benzodioxol-5-vlmethvn-1 .2.4-oxadiazQl-5-vl1-1 -piperidinvl)-1 - 
phenylpropvDcyclobutanecarboxamide (UK-383290-51 ) 




25 The title compound of preparation 79 (258mg, 0.67mmol) in dichloromethane (10ml) 

was treated with trifluoroacetic acid (4ml). The solution was stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
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(MgS04), filtered and evaporated under reduced pressure. The residue obtained (175mg, 
0.44mnnol), the title compound of preparation 8 (113mg. 0.49mmol) and sodium 
triacetoxyborohydride (141 mg, 0.66mmol) were stirred in dich!oromethane:acetic acid (20ml, 
10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichioromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex magellenCia (2) aqueous TFA 0.1%:acetonitrile 1:19-19:1) to afford the title 
compound, 31mg. 

NMR (400MHz. CDCI3); 5 [ppm] 1.74-3.35 (18H. m), 3.46 (1H, m). 3.70 (1H. m). 
3.96 (2H, s), 4.90 (1H, m). 4.95 (1H, m). 5.95 (2H. s), 6.65-6.85 (3H, m), 7.25-7.51 (5H. m) 
LRMS: m/z 503.4 (MH") 

EXAMPLE 20 

/V-((1S)-3-^4-r3-(3.5-Difluorobenzvl)-1.2.4-oxadiazol-5-vl1-1-plperidinvll-1- 
phenylpropvOcvclobutanecarboxamide 




The title compound of preparation 75 (lOOmg, 0.26mmol) in dichioromethane (10ml) 
was treated with trifluoroacetic acid (4ml). The solution was stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichioromethane. The aqueous 
layer was extracted with dichioromethane (2x). The combined organic layers were dhed 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (69mg, 
0.25mmol), the title compound of preparation 8 (63mg, 0.27mmo!) and sodium 
triacetoxyborohydride (79mg, 0.37mmol) were stirred in dichloromethane:acetic acid (20ml. 
10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichioromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex magellenCia (2) aqueous TFA 0.1%:acetonitrile 1:19-19:1) to afford the title 
compound. 39mg. 

'H NMR (400MHz. CDCI3): 6 [ppm] 1.74-3.35 (18H, m), 3.45 (1H. m), 3.70 (1H, m). 
4.04 (2H. s), 4.93 (1H. m). 6.65-6.91 (3H, m), 7.23-7.45 (6H. m) 
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LRMS; m/z 495.0 (MH*) 

EXAMPLE 21 

A/-r(1S)-3-f4-(3-Benzvi-1.2.4-oxadia2ol-5-vl)-1-piperidinv[1-1-(3- 




Diisobutylaluminium hydride (42.1ml of a 1.0M solution in dichloromethane, 
42.1mmol) was added dropwise to a solution of the title compound of preparation 12 (5.7g, 
19,1mmcl) in dichloromethane (100m!) at -78''C. The reaction mixture was stirred at 78°C for 

10 an hour, then methanol (5m!) pre-cooied to -78°C was added. The mixture was warmed to 
room temperature and washed with 2M hydrochloric acid, water and brine, dried (MgS04), 
filtered and the solvent evaporated under reduced pressure to afford the title compound as a 
yellow oil, 3.3g. From this oil (485mg, 1.81mmol), the title compound of preparation 39 
(420mg, 1.81mmol) and sodium triacetoxyborohydride (578mg, 2.73mmol) were stirred 

15 together for 72 hours at room temperature in dichloromethane:acetic acid (30ml, 10%). The 
solvents were evaporated under reduced pressure. The residue was dissolved in ethyl acetate 
and washed with saturated aqueous sodium carbonate solution then water. The organic layer 
was dried (MgS04), filtered and evaporated under reduced pressure. The residue (700mg, 
1.42mmol) was stirred for 1 hour at room temperature in dichloromethane (14ml) and 

20 trifluoroacetic acid (14ml). The solvents were evaporated under reduced pressure. The 
residue was basified with saturated aqueous sodium carbonate solution and extracted with 
dichloromethane (3x). The combined organic layers were dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by column chromatography on 
silica gel using dichiorormethane:methanol:0.88 ammonia (97:3:0.3) as eluant. A portion of 

25 the residue (lOOmg. 0.25mmol), cyciobutanecarboxylic acid (28mg, 0.28mmol), 1- 
hydroxybenzotriazole hydrate (41 mg, 0.3mmol), 1-(3-dimethylaminopropyl)-3-ethyt- 
carbodiimide hydrochloride (63mg, 0.33mmol) and triethylamine (46^1, 0.33mmol) were stirred 
for 2 hours at room temperature in dichloromethane (20ml). The solvent was evaporated 
under reduced pressure. The residue was dissolved in ethyl acetate and washed with water. 

30 The organic layer was dried (MgS04), filtered and evaporated. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanol:0.88 ammonia 
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(98:2:0.25) as eluant to afford the title compound as a gum which solidified on standing, 
108nng. 

Found C, 70.26; H, 7.00; N, 11.66% 

C28H33FN4O2;0.1H2O requires C, 70.30; H, 7.00; N, 11.71% 

NMR (400 MHz, CDCia): 5 [ppm] 1.31-2.44 (14H, m). 2.80-3.10 (5H, m), 4.02-4.15 
(3H, m). 5.06-5.18 (1H, nn), 6.84-7.03 (4H, m). 7.18-7.42 (5H, m), 7.71-7.84 (1H. m) 
LRMS: m/z 477.3 (MH') 

EXAMPLE 22 

/V-^f1S)-3-[4-(3-{4-f(Methvlsulfonvl)aniino1benzvl)-1.2.4-oxadiazol-5-vl)-1-piperidi^ 
phenvlpropvDcvclobutanecarboxamide 

The title compound of preparation 47 (6.50g. 30.9mmol), hydroxylamine hydrochloride 
(10.7g, 154mmol) and sodium carbonate (16.3g, 154mmol) in methanol (100ml) and water 
(100ml) were heated under reflux for 5 hours. The reaction was cooled, filtered and the 
methanol evaporated under reduced pressure. The remaining aqueous layer was extracted 
with dichloromethane (3x) and the combined organic layers were dried (MgS04), filtered and 
the solvent evaporated under reduced pressure to furnish a pale orange solid. The solid and 
carbonyldiimidazole (158mg, 0.97mmol) were then added to a solution of carbonyldiimidazole 
(158mg, 0.97mmol) and the title compound of preparation 115 in DMF (2ml) which had been 
stirred at room temperature for 1 hour. The reaction was heated at 115°C for 6 hours cooled 
to room temperature and the solvent evaporated under reduced pressure. The resulting brown 
oil was purified by column chromatography on silica gel using dichloromethane:methanol:0.88 
ammonia (95:5:0.5) as eluant to afford the title compound as a pale orange oil that was freeze 
dried from water/acetonitrile to furnish a pale orange foam, 43mg. 
Found C, 62.23; H, 6.82; N, 12.60% 

C29H37N5SO4;0.3H2O requires C, 62.52; H, 6.80; N, 12.57% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.78-2.40 (18H, m). 2.80-3.05 (7H. m), 4,03 (2H, 

s). 5.08 (1H, dd). 7.15-7.45 (9H, m) 

LRMS: m/z 552 (MH'') 

[a]D -32.6(0=1.97. MeOH) 




EXAMPLE 23 
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4-^[5-(1~f(3SV3-f(Cvclobutvicarbonvl)aminQl-3-Dhenv[propvlM-piperidinv!)-1 .2.4- 
oxadiazol-3-yl]methvl)benzamide 




The title compound of preparation 55 (7.00g, 43.8mmoi), hydroxylamine hydrochloride 
5 (15. 2g, 218mmol) and sodium carbonate (23. 1g, 218mmol) in methanol (100ml) and water 
(100ml) were heated under reflux for 5 hours. The reaction was cooled, filtered and the 
methanol evaporated under reduced pressure. The remaining aqueous layer was extracted 
with dichloromethane (3x) and the combined organic layers were dried (MgS04), filtered and 
the solvent evaporated under reduced pressure to furnish a pale orange solid. The solid and 
10 carbonyldiimidazole (158mg, 0.97mmol) were then added to a solution of carbonyldiimidazole 
(158mg, 0.97mmol) and the title compound of preparation 115 in DMF (2ml) which had been 
stirred at room temperature for 1 hour. The reaction was heated at 115°C for 6 hours allowed 
to cool to room temperature and the solvent evaporated under reduced pressure. The 
resulting brown oil was purified by column chromatography on silica gel using 
15 dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to afford the title compound as 
a clear oil that was freeze dried from water/acetonitrile to furnish a white solid, 1 2mg. 

'H NMR (400 MHz. CDCI3): 5 [ppm] 1.78-2.40 (17H, m). 2.80-3.05 (4H. m), 4.03 (2H, 
s), 5.08 (1H, dd), 5.58 (1H, br s). 6.01 (1H, br s), 7.15-7.30 (5H. m), 7.40 (2H. d), 7.75 (2H. d) 
LRMS: m/z 502 (MH*) 

20 

EXAMPLE 24 

A/-f(1S)-3-{4-f3-(2.5-Difluorobenzvl)-1,2.4-oxadiazol-5-vn-1-piperidinvlM- 
phenyipropyDcyclobutanecarboxamide 
O 




25 The title compound of preparation 74 (142mg, 0.37mmol) in dichloromethane (10ml) 

was treated with trifluoroacetic acid (4ml) and the solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
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(MgS04), filtered and evaporated under reduced pressure. The residue obtained (107mg, 
0.38mmol), the title compound of preparation 8 (97mg, 0.42mmol) and sodtunn 
triacetoxyborohydride (122mg, 0.59nnmol) were stirred in dichloromethane:acetic acid (20ml, 
10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dtchloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex magellenCig (2) aqueous TFA 0.1%:acetonitri!e 1:19-19:1) to afford the title 
compound, 9mg. 

NMR (400MHz, CDCI3): 6 [ppm] 1.43-2.05 (4H, m), 2.05-2.41 (8H. m), 2.50 (1H. 
bs), 2.66-2.83 (1H, m). 2.85-3.36 (4H, m), 3.45 (1H. m), 3.70 (1H. bs). 4.08 (2H, s), 4.95 (1H. 
s). 6.70 (1H, bs), 6.93-7.14 (2H. m), 7.27-7.41 (6H, m) 
LRMS: m/z 495.1 (MH") 

EXAMPLE 25 

A/-((1S)-3-(4-r3-(2,6-Dif]uorobenzvn-1.2,4-oxadiazol-5-vl1-1-piperidinvlV1- 
phenylpropyDcyclobutanecarboxamide 




The title compound of preparation 76 (163mg, 0.43mmol) in dichloromethane (10ml) 
was treated with thfluoroacetic acid (4ml) and the solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (118mg, 
0.42mmol), the title compound of preparation 8 (107mg, 0.47mmol) and sodium 
triacetoxyborohydride (143mg, 0.63mmol) were stirred in dichloromethaneiacetic acid (20ml, 
10%) at room temperature for 3 days. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was puhfied by preparative HPLC 
(phenomonex magellenCia (2) aqueous TFA 0.1%:acetonitrile 1:19-19:1) to afford the title 
compound, lOmg. 
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NMR (400MH2. CDCI3): 5 [ppm] 1.33-2.05 (4H, m), 2.05-2.45 (8H, m), 2.41-2.82 
(2H, m), 2.86-3.25 (4H, m). 3.35-3,87 (2H, m). 4.15 (2H, s), 4.95 (1H. s). 6.85 (1H, m), 6.95 
(2H, m), 7.23-7.45 (6H, nn) 

LRMS: m/z 495.1 (MH*) 

EXAMPLE 26 

A/-aiS)-1-Phenvi-3-{4-f3-(3-pvridinvlmethvl)-1.2,4-oxadiazol-5-vl1-1- 

piperidinvl)propvriCyclobutanecarboxamide 
O 




10 A solution of the title compound of preparation 115 (SOOmg, 0.87mmol) in 

dichloromethane (20ml) was treated with diisopropylethylamine (0.36ml, 2.09mmol) and 
bis(tetramethylene)f]uoroformamidinium hexafluorophosphate (331 mg, 1.05mmol). After 1 
hour A/'-hydroxy-2-(3-pyridinyl)ethanimidamide [WO 9600720] (171mg, 1,13mmol) was added 
and stirring continued for 12 hours. The reaction was diluted with dioxane (30m!) then heated 

15 at 120°C for 4 hours. The cooled mixture was diluted with dichloromethane (100ml) and 
washed with saturated aqueous sodium carbonate solution and brine, dried (MgS04), filtered 
and evaporated under reduced pressure. The crude product was punfied by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (94.5:5:0.5) as 
eluant. The resultant oil was dissolved in dichloromethane (lOmi), treated with 1M 

20 hydrochloric acid in dioxane (4ml) and evaporated under reduced pressure. Freeze drying 
from water/acetonitrile gave the title compound as a yellow solid, 191mg. 
Found C, 51,85; H. 7.06; N, 11.02% 

C27H33N502;5H20;2HCI requires C, 52.09; H, 7.29; N, 11.25% 

NMR (400MHz, DMSOd6): 5 [ppm] 1.70 (1H, m), 1.86 (1H, m), 1.92-2.14 (10H, m), 
25 2.91-3.17 (5H, m). 3.28-4.02 (2H and H2O), 4.36 (2H, s), 4.83 (1H. m), 7.22 (1H. m), 7.30 (3H. 
m), 7.94 (1H, m), 8.24 (1H. d), 8.41(1H, d). 8.78 (1H, d), 8.88 (1H. s) 
LRMS: m/z 460.2 (MH*) 



30 



EXAMPLE 27 

A/-f(1S)-1-Phenvl-3-{4-f3-(4-pvridinvlmethvn-1.2.4-oxadiazol-5-vl]-1- 



pipendinvDpropvDcvclobutanecarboxamide 
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A solution of the title compound of preparation 115 {300mg, 0.87mmol) in 
dichloromethane (20ml) was treated with diisopropylethylamine (0.36ml, 2.09mmoi) and 
bis(tetramethylene)fluoroformamidinium hexafiuorophosphate (331 mg, 1.05mmol). After 1 
5 hour A/'-hydroxy-2-(4-pyridinyl)ethanimidamide [WO 9600720] (171mg, 1.13mmol) was added 
and stirring continued for 12 hours. The reaction was diluted with dioxane (30ml) then heated 
at 120°C for 4 hours. The cooled mixture was diluted with dichloromethane (100ml) and 
washed with saturated aqueous sodium carbonate solution and brine, dried (MgS04). filtered 
and evaporated under reduced pressure. The crude product was purified by column 
10 chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (94.5:5:0.5) as 
eiuant. Freeze-drying from water/acetonitrile gave the title compound as a yellow foam, 
121mg. 

NMR (400MHz, CDCI3): 5 [ppm] 1.75-2.20 (12H, m), 2.20-2.40 (4H, m), 2.80-3.10 
(4H, m). 4.05 (2H. s), 5.14 (1H, m), 7.16-7.37( 8H, m), 8.57 (1H, d) 
15 LRMS: m/z 460.2 (MH'') 



EXAMPLE 28 

A/-T(1S)-3-f4-(342-f(Methvlsulfonvl)amino1benzvl)-1.2.4-oxadiazol-5-vn-1-piperidinvl1-1- 
phenvlpropvDcyclobutanecarboxamide 




NH 



o=s~o 

20 

The title compound of preparation 48 (5.60g, 28.5mmol). hydroxylamine hydrochloride 
(9.9g, 142mmol) and sodium carbonate (15. 1g. 142mmol) In methanol (100ml) and water 
(100ml) were heated under reflux for 5 hours. The reaction was cooled, filtered and the 
methanol evaporated under reduced pressure. The remaining aqueous was extracted with 
25 dichloromethane (3x) and the combined organic layers dried (MgS04), filtered evaporated 
under reduced pressure to furnish a red solid. The solid and carbonyldiimidazole (158mg, 
0.97mmol) were then added to a solution of carbonyldiimidazole (158mg, 0.97mmol) and the 
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title compound of preparation 115 in DMF (2ml) which had been stirred at room temperature 
for 1 hour. The reaction was heated at 1 15'C for 6 hours cooled to room temperature and the 
solvent evaporated under reduced pressure, the resulting brown oil was purified by column 
chromatography on silica gel using dichlorometha ne; methanol: 0.88 ammonia (95i5;0.5) as 
5 eluant to afford the title compound as a clear oil that was freeze dried from water/acetonitnle 
to furnish a white solid, 24mg. 
Found C, 62.83; H, 6.84; N, 12.95% 

C29H37N5SO4;0.1H2O requires C, 62.93; H, 6.77; N, 12.65% 

NMR (300 MHz, CDCI3): 5 [ppm] 1.80-2.40 (17H, m). 2.80-3.05 (4H, m). 3.11 (3H, 

10 s), 4.08 {2H. s), 5.05 (1H. dd), 7.15-7.45 (8H, m), 7.60 (1H, d), 9.73 (1H, bs) 

LRMS: m/z 55^ (MH") 

[a]D -31.0 (c=1.16, MeOH) 

EXAMPLE 29 

15 A/-((1S)-1-Phenvi-3-/4-r3-(2-Pvndinv!methvl)-1,2.4-oxadiazol-5-vn-1- 

piperidinyDpropvOcyclobutanecarboxamide 
O 




A solution of the title compound of preparation 115 (300mg, 0.87mmol) in 
dichloromethane (20ml) was treated with diisopropylethylamine (0.36m!, 2.09mmol) and 

20 bis(tetramethylene)fluoroformamidinium hexafluorophosphate (331mg, 1.05mmol). After 1 
hour /V-hydroxy-2-(2-pyridinyl)ethanimidamide [WO 9600720] (171mg, 1.13mmol) was added 
and stirring continued for 12 hours. The reaction was diluted with dioxane (30ml) then heated 
at 120°C for 4 hours. The cooled mixture was diluted with dichloromethane (100ml) and 
washed with saturated aqueous sodium carbonate solution and brine, dried (MgS04), filtered 

25 and evaporated under reduced pressure. The crude product was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (94.5:5:0.5) as 
eluant. The resulting oil was dissolved in dichloromethane (10ml), treated with 1M hydrochloric 
acid in dioxane (4ml) and evaporated under reduced pressure. Freeze-drying from 
water/acetonitrile gave the title compound as a green gum, 95mg. 

30 Found C. 52.25; H, 6.97; N. 11.14% 

C27H33N502;4.9H20;2HCI requires C, 52.24; H, 7.27; N. 11.28% 

NMR (400MHz, DMSOD6): 5 [ppm] 1.72 (1H, m); 1.86 (1H, m); 1.9-2.1 (10H. m); 
2.9-3.1 (5H, m); 3.2^.0 (2H and H2O); 4.45 (2H. s); 4.83 (1H, m); 7.23 (1H, m); 7.30 (3H. m); 
7.65 (1H, t); 7.70 (1H. d); 8.15 (1H, t); 8.23 (1H. d); 8.67 (1H, d) 
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LRMS: m/z 460.2 {MH"") 

EXAMPLE 30 

A/-^(1S)-3-f4-(3-lsobutvl-1.2,4-oxadiazol-5-vn-1-piper!dinvn-1- 
phenvlpropvDcvclobutanecarboxamide 




The title compound of preparation 73 (305mg. 0.98mnnol) in dichloromethane (10ml) 
was treated with trifluoroacetic acid (4ml) and solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (161mg, 
0.76mmol), the title compound of preparation 8 (213mg, 0.923mmol) and sodium 
triacetoxyborohydride (244mg, 1.15mmol) were stirred in dichloromethane:acetic acid (20ml, 
10%) at room temperature for 2 weeks. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04), filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex mage!lenCi8 (2) aqueous TFA 0.1%;acetonitrile 1:19-19:1) to afford the title 
compound, 52mg. 

NMR (400MHz. CDCI3): 6 [ppm] 0.95 (6H, d), 1.80-2.20 (13H, m). 2.22-2.40 (4H, 
m). 2.60 (2H. d), 2.90 (2H. m), 3.05 (2H, m). 5.10 (1H, m). 7.20 (3H, d). 7.30 (2H. m). 7.50 
dH.d) 

LRMS: m/z 425 (MH*) 

EXAMPLE 31 

A/-((1S)-34443-(3-Chlorobenzvn-1.2.4-oxadiazol-5-vl1-1-piperidinvl)-1- 
phenvlpropvOcvclobutanecarboxamide 
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The title compound of preparation 72 (260mg, 0.68mmol) in dichloromethane (10nn!) 
was treated with trifluoroacetic acid (4ml) and the solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
5 between saturated aqueous sodium carbonate solution and dichloromethane. The aqueous 
layer was extracted with dichloromethane (2x). The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue obtained (145mg, 
0.52mmol), the title compound of preparation 8 (145mg, 0.62mmol) and sodium 
triacetoxyborohydride (166mg, 0.78mmol) were stirred in dichIoromethane:acetic acid (20ml, 
10 10%) at room temperature for 2 weeks. The reaction mixture was basified with saturated 
aqueous sodium carbonate solution. The aqueous layer was extracted with dichloromethane 
(2x) and the combined organic extracts washed with brine, dried (MgS04). filtered and 
evaporated under reduced pressure. The residue was purified by preparative HPLC 
(phenomonex magellenCis (2) aqueous TFA 0.1 %:acetonitrile 1:19-19:1) to afford the title 
15 compound, 9mg. 

NMR (400MHz, CDCI3): 5 [ppm] 1.82-2.00 (4H, m), 2.00-2.22 (8H, m), 2.25-2.32 
(4H, m), 3.00 (4H. m). 4.02 (2H, s). 5.05 (1H. m). 7.20-7.35 (9H, m). 7.38 (1H, d) 
LRMS: m/z 494 (MH^) 



20 



EXAMPLE 32 

A/-((1S)-3-l4-f3-(1-Benzofuran-5-vlmethvl)-1.2,4-oxadiazol-5-vl1-1-pipendinvlM- 
phenvlpropvhcyclobutanecarboxamide 
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The title compound of preparation 71 (176mg, 0.45nnmol) in dichloromethane (10ml) 
was treated with trifluoroacetic acid (4ml) and the solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane and the aqueous 
layer extracted with dichloromethane (2x). The combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. The residue obtained (130mg, 0.45mmol), 
the title compound of preparation 8 (127mg, 0.55mmol) and sodium triacetoxyborohydride 
(146mg, 0.68mmol) were stirred in dichIoromethane:acetic acid (20mi, 10%) at room 
temperature for 2 weeks. The reaction mixture was basified with saturated aqueous sodium 
carbonate solution. The aqueous layer was extracted with dichloromethane (2x) and the 
combined organic extracts washed with brine, dried (MgS04), filtered and evaporated under 
reduced pressure. The residue was purified by preparative HPLC (phenomonex magellenCis 
(2) aqueous TFA 0.1%:acetonitrile 1:19-19:1) to afford the title compound, 44mg. 

'H NMR (400MHz, CDCI3): 5 [ppm] 1.82-2.00 (5H, m). 2.00 (2H, s), 2.05-2.30 (8H. m), 
5 2.40 (2H, m). 2.90 (2H, m), 3.05 (1H. m), 4.10 (2H, s). 5.05 (1H, m). 5.25 (1H, bs), 6.70 (1H, 
s). 7.20 (3H, m), 7.30 (2H, m), 7.40 (1H. d), 7.42 (1H, d), 7.58 (2H, d) 
LRMS: m/2 499 (MH*) 



EXAMPLE 33 

/V-r(1S)-1-P henvl-3-(443-r4-(tnf]uoromethoxv)benzvn-1,2.4-oxadiazol-5-vQ^ 
piperidinvDpropvllcvclobutanecarbQxamide 




F 

The title compound of preparation 70 (306mg, 0.71 mmol) in dichloromethane (10ml) 
was treated with trifluoroacetic acid (4ml) and the solution stirred at room temperature for 12 
hours. The solvent was evaporated under reduced pressure and the residue was partitioned 
between saturated aqueous sodium carbonate solution and dichloromethane and the aqueous 
layer extracted with dichloromethane (2x). The combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. The residue obtained (204mg, 0.62mmol). 
the title compound of preparation 8 (173mg, 0.74mmol) and sodium triacetoxyborohydride 
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(198mg, 0.93nnmoi) were stirred in dich!oromethane:acetic acid (20nil, 10%) at room 
temperature for 2 weeks. The reaction mixture was basified with saturated aqueous sodium 
carbonate solution. The aqueous layer was extracted with dichloromethane {2x) and the 
combined organic extracts washed with brine, dried (MgSO^), filtered and evaporated under 
reduced pressure. The residue was purified by preparative HPLC (phenomonex magellenCia 
(2) aqueous TFA 0.1 7o:acetonitrile 1:19-19:1) to afford the title compound, 38mg. 

'H NMR (400MHz, CDCt3): 6 [ppm] 1.81-2.30 (14H, m), 2.40 (2H. m). 2.92 (2H, m). 
3.05 (2H, m), 4.05 (2H. s), 5.05 (2H. m), 7,18 (2H, d), 7.22 (3H, m). 7.32 (4H, m) 

LRMS: m/z 543 (MH*) 

EXAMPLE 34 

/V-((1S)-3-f4-(3-|3-f(Methvlsulfonvnamino]benzvl}-1.2,4-oxadiazol-5-vl)-1-piperidinvn-1- 
phenylpropvDcvclobutanecarboxamide 



To a solution of the title compound of preparation 66 (220mg, 0.91 mmol) in 
dichloromethane (10ml) was added the title compound of preparation 115 (340mg, 
0.99mmol), 1-(3-dimethylamlnopropyi)-3-ethyl-carbodiimide hydrochloride (210mg, I.OQmmol) 
and triethylamine (1.08ml, 7.12mmol). The reaction was stirred at room temperature for 18 
hours then water was added and the layers separated. The organic layer was washed with 
bhne, dried (MgS04) and evaporated under reduced pressure. Toluene (25ml) was added and 
the solution was heated under reflux for 5 hours. The reaction mixture was cooled and 
evaporated under reduced pressure. The crude material was purified by column 
chromatography on silica gel using djchloromethane:methanol:0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound as a brown oil. This was freeze dried from 
water/acetonitrile to give the title compound as a brown foam. lOOmg. 

Found C, 62.37; H, 6.92; N, 12.29% 

C29H37H5O4S;0.4H2O requires C. 62.32; H, 6.82; N, 12.53% 

'H NMR (400 MHz, CDCI3): 5 [ppm] 1.79-1.99 (5H, m). 2.00-2.19 (8H. m), 2.20-2.40 
(4H, m), 2.82-3.09 (7H. m), 3.42 (1H, m), 4.02 (2H, s), 5.09-5.17 (1H. m), 7.10-7.41 (9H, m) 
LRMS: m/z 552.1 (MH*) 
[a]D -45.3 (c = 2.12, methanol) 




EXAMPLE 35 
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3.3,3-Tnf1uoro-A/-{(1S)-3-[4-(3-(4-r(methvlsuifQnvl)am[no]benzvl)-1.2,4-oxadiazol-5-vl)- 



1-piperidinvl1-1-phenvlpropvl)propanamide 




1-(3-Dimethy!anninopropyl)-3-ethyl-carbodiimide hydrochloride (49mg, 0.25mmol) was 
5 added to a stirred solution of 3,3,3-trifIuoropropionic acid (29mg, 0.23mmoi) and the title 
compound of preparation 91 (lOOnng, 0.21 mmol) in dichloromethane (10ml). After 1 hour the 
reaction mixture was loaded directly onto a column of silica and eluted with dichloromethane; 
methanol:0.88 ammonia (95:5:0.5) to afford the title compound as a white foam, 55mg. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.73-2.35 (12H, m), 2.81-3.18 (8H, m), 4.03 (2H, 
10 s), 5.12 (1H, dd), 7.05-7.19 (8H. m), 8.34 (1H, d) 
LRMS: m/z 580 (MH") 



EXAMPLE 36 

2-Cvclopropvl-A/-((1S)-3-[4-(3-{4-f(methvlsulfonvl)amino1benzvl)-1.2.4-oxadia2ol-5-vl)- 
15 1-piperidinvn-1-phenvlpropvl)acetamide 




1-(3-Dimethylamlnopropyl)-3-ethy!-carbodiimide hydrochloride (49mg, 0.25mmol) was 
added to a stirred solution of cydopropylacetic acid (24mg, 0.23mmol) and the title compound 
of preparation 91 (100mg. 0.21 mmol) in dichloromethane (10ml). After 1 hour the reaction 
20 mixture was loaded directly onto a column of silica and eluted with 
dichloromethane:methanol:0.88 ammonia (95:5:0.5) to afford the title compound as a white 
foam, 75mg. 

Found C, 62.06; H, 6.83; N, 12.49% 

C29H37N5SO4;0.5H2O requires C, 62.12; H, 6.83; N. 12.49% 
25 NMR (300 MHz, CDCI3): 5 [ppm] 0.20 (2H, m), 0.58 (2H. m), 1.01 (1H, m), 1.81- 

2.00 (3H, m), 2.03-2.19 (7H. m), 2.21-2.43 (2H, m), 2.98 (6H, m), 4.02 (2H, s), 5.11 (1H, dd), 

7.09-7.38 (9H, m) 

LRMS: m/2 552 (MH*) 

[a]D -90.0 (c= 1.00, MeOH) 

30 
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EXAMPLE 37 

A/-{(1S)-3-f4-(3-{4-f(MethvlsulfonvnarTjno1benzvl!-1.2.4-oxadiazol-5-vO-1-pipehdinvl1-1- 
phenvlpropvi)tetrahvdro-2H-pvran-4-carboxamide 




added to a stirred solution of the title compound of preparation 17 {30mg, 0.23mnnoi) and the 
title compound of preparation 91 (lOOmg, 0.21 mmol) in dichtoromethane (10ml). After 1 hour 
the reaction mixture was loaded directly onto a column of silica and eluted with 



dich!oromethane:methanol:0.88 ammonia (95:5:0.5) to afford the title compound as a white 
10 foam, 45mg. 

Found C, 59.39; H, 6.73; N, 11.21% 

C3oH39N5S05;1.5H20 requires C. 59.19; H. 6.95; N. 11.50% 

NMR (300 MHz. CDCI3): 5 [ppm] 1.71-2.15 (14H. m). 2.18-2.50 (3H, m). 2.84-3.12 

(6H, m), 3.38 (2H, m), 3.89-4.09 (4H, m), 5.09 (1H. dd), 7.09-7.39 (8H, m), 7.81 (1H. d) 

15 LRMS: m/z 582 (MH*) 



EXAMPLE 38 

1-Acetvl-A/-^(1S)-3-f4-(3-{4-r(methvlsulfonvOamino1benzvl)-1.2.4-oxadiazol-5-vl)-1- 
piperidinvl1-1-phenvlpropvl)-3-azetidlnecarboxamide 




To a solution of the title compound of preparation 91 (100mg, 0.21 mmol) in 
dichloromethane (3ml) was added the title compound of preparation 14 (35mg, 0.23mmol) 
and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (50mg, 0.25mmol). The 
reaction was stirred at room temperature for 1 hour. The crude material was purified by 
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column chromatography on silica gel, using dichloromethane:methanoI:0. 88 ammonia 
(90:10:1) as eluant to afford the title compound as a white foam, 102mg. 
Found C, 59.51; H, 6.59; N. 13.71% 

C3oH3sN605;0.6H20 requires C, 59.51; H, 6.53; N, 13.88% 
5 NMR (400 MHz, CDCI3): 5 [ppm] 1.69-2.20 (10H, m). 1.88 (3H, s). 2.25-2.35 (1H, 

m), 2.38-2.49 (1H, m). 2.81-3.10 (6H, m), 3.18-3.23 (1H, m), 4.05 (2H. s), 4.10-4.20 (3H. m), 
4.38-4.45 (1H, m). 5.10-5.19 (1H, m). 7.17-7.38 (8H, m), 8.02-8.10 (0.5H. m). 8.30-8.39 (0.5H, 
m) 

LRMS: m/z 595.2 (MH') 
10 [a]o: -33.2 (c = 1.93, methanol) 



EXAMPLE 39 

A/-l(1 S)-3-[4-(3-Benzvl-1.2.4-oxadiazol-5-vl)-1-piperidinvlM-phenvlpropvl)tetrahvdro- 

2H-pvran-4-carboxamide 




The title compound of preparation 81 (77mg, 0.20mmol). the title compound of 
preparation 17 (26mg, 0.20mmol) and 1-(3-dimethylaminopropyI)-3-ethylcarbodiimide 
hydrochloride (51 mg, 0.26mmol) were stirred in dichloromethane (10 ml) at room temperature 
for 2 hours. The reaction mixture was then washed with brine (2x), dried (MgS04), filtered and 
20 concentrated under reduced pressure. The residue was purified by column chromatography 
on silica gel using dichlormethane:methanol (95:5) as eluant to afford the title compound as a 
white solid, 57mg. 

Found C, 69.85; H, 7.45; N, 11.11% 

C29H36N403:1H20, requlres C, 71.30; H, 7.40; N 11.50% 
25 NMR (400 MHz. CDCI3): 6 [ppm] 1.80-2.10 (12H, m). 2.20-2.40 (3H, m), 2.90 (2H, 

m). 3.05 (1H, d), 3.40 (2H, m), 4.00 (2H, m), 4.05 (2H. s), 5.10 (1H. m). 7.20-7.35 (10H. m), 
7.90 (1H, d) 

LRMS: m/z 489 (MH*) 

[a]D -32 (c= 1.0, MeOH) 



30 
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EXAMPLE 40 



1-Acetvl-A^-f(1 S)-3-f4-(3-benzvl-1 .2,4-oxadiazol-5-vl)-1-piperidinvl1-1-phenv[propvl}-3- 



azetidinecarboxarTiide 




HN 





5 



The title compound of preparation 81 (58mg, 0.15mmol), the title connpound of 



preparation 14 (33mg, 0.23nnmol) and 1-(3-dimethylanninopropyl)-3-ethylcarbodiimide 
hydrochloride (44mg, 0.23mmol) were stirred in dichloromethane (10 ml) at room temperature 
for 2 hours. The reaction mixture was then washed with bnne (2x), dried (MgS04), filtered and 
concentrated under reduced pressure. The residue was purified by column chromatography 
10 on silica gel using dichlormethane:methanol (95:5) as eluant to afford the title compound as a 
white solid, 23mg. 



15 m). 3.20 (1H, m), 4.05 (2H, s). 4.18 (4H, m). 4.40 (1H, m), 5.15 (1H, m). 7.20-7,35 (10H. m). 
8.00-8.15 (1H, dd) 



Found: C. 66.88; H, 7.25; N, 13.45% 
C29H35N503;1H20 requires C. 69.44; H. 7.03; N 13.96% 

NMR (400 MHz. CDCI3); 6 [ppm] 1.85 (3H, s), 1.90-2.40 (10H, m), 2.90-3.00 (2H. 



LRMS: m/z 502 (MH*) 
[a]D -A2 (c= 1.00. MeOH) 




EXAMPLE 41 



1-(Acetvlamino)-A/-|(1S)-3-f4-(3-benzvl-1.2,4-oxadiazol-5-vn-1-piperidinvl1-1- 
phenvlpropvDcyclopentanecarboxamide 




HN 
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The title compound of preparation 81 (58mg, O.ISmmoI). 1- 
(acetylamino)cyclopentanecarboxylic acid [Bull. Soc. Chim. Fr, (1965), 2942] (26mg, 
0.15mmol) and 1-(3-dinnethylaminopropyl)-3-ethylcarbodiimide hydrochloride (38mg, 
0.20mmol) were stirred in dichloromethane (10ml) at room temperature for 2 hours. The 
reaction mixture was then washed with brine (2x), dried (MgS04), filtered, then concentrated 
under reduced pressure. The residue was purified by column chromatography on silica gel 
using dichloromethane:methanol (98:2) as eluant to afford the title compound as a white solid 
42mg. 

Found C, 68.37; H, 7.49; N, 12.78% 

C3iH39N503;1H20 requires C. 70.30; H, 7.42; N 13.2% 

NMR (400 MHz. CDCI3): 5 [ppm] 1.90 (3H, s), 1.95-2.10 (14H. m). 2.30-2.35 (4H. 
m). 2.90 (2H. m), 2.95 (1H, m), 4.02 (2H, s), 5.05 (1H, m), 5.90 (1H, s), 7.20-7.30 (10H, m). 
8.15 (1H. d) 

LRMS: m/z 530 (MH"") 

[a]D -36 (c= 1.0. MeOH) 

EXAMPLE 42 

A/-^f1S)-3-r4-f3-Benzvl-1.2.4-oxadiazol-5-vl)-1-piperidinvl1-1-phenvlpropvl)-1- 
methoxvcvclobutanecarboxamide 




The title compound of preparation 81 (58mg. 0.15mmol), the title compound of 
preparation 19 (20mg, O.ISmmoI) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (38mg, 0.20mmol) were stirred together in dichloromethane (10 ml) at room 
temperature for 2 hours. The reaction mixture was then washed with brine (2x), dried 
(MgS04), filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanoi (99:1) as eluant to 
afford the title compound as a yellow oil, 31 mg. 

NMR (400 MHz, CDCI3): 5 [ppm] 1.75-2.40 (16H, m), 2.85-2.95 (3H, m). 3.20 (3H. 
s). 4.05 (2H, s), 5.10 (1H, m), 7.20-7.35 (10H. m). 8.00 (1H, d) 

LRMS: m/z 489.2 (MH*) 



EXAMPLE 43 
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3-{r5-(1-{(3S)-3-f(Cvclobutvlcarbonvl)am;no1-3-DhenviproDvlM-piDendinvl)-r2.4- 
oxadia2ol-3-vl1methvl)benzamide 




Oxalyl chloride (0.86ml, 9.90mmol) was added dropwise to a solution of the title 
5 compound of preparahon 52 (1.45g, 9.00mmol) in dichloromethane (20ml) and 
dimethylformamide (3 drops) at 0°C. The reaction was allowed to warm to room temperarure 
and stirred for 12 hours then 0.88 ammonia (1ml) was added cautiously, the solvent was 
evaporated under reduced pressure to furnish a yellow solid. The yellow solid was dissolved in 
methanol (30ml) and water (30ml) and hydroxylamine hydrochloride (3-15g, 45.0mmol) and 

10 sodium carbonate (4.77g, 45.0mmol) added. The reaction was heated under reflux for 5 
hours, then cooled, filtered and the solvent evaporated under reduced pressure to give a 
yellow oil. The yellow oil was dissolved in dioxane (10ml) and the title compound from 
preparation 115 (344mg, LOOmmol) and 1-(3-dimethyiaminopropyl)-3-ethyl-carbodiimide 
hydrochloride (210mg, LlOmmol) were added and the reaction heated under reflux for 12 

15 hours. The reaction was cooled and the solvent evaporated under reduced pressure. The 
resulting brown oil was purified by column chromatography on silica gel using 
dichloromethane:methanol:0,88 ammonia (95:5:0.5) as eiuant to afford the title compound as 
a white foam, 16mg. 

NMR (300 MHz. CDCI3): 5 [ppm] 1.83-2.41 (16H, m). 2.80-3.09 (5H, m), 4.15 (2H, 
20 s). 5.08 (1H, dd). 5.71 (1H, bs), 6.18 (1H, bs), 7.19-7.58 (7H, m), 7.71 (1H, d), 7.80 (1H, s) 
LRMS: m/z 502 (MH*) 



25 



EXAMPLE 44 

Ethyl 4-(3-benzv!-1 .2.4-Qxadiazol-5-vl)-1 -((3S)-3-r(cvclobutvlcarbonvnamino1-3- 



phenvlpropylM-piperidinecarboxylate 
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A suspension of the title compound of preparation 106 (195mg, 0.62nnmol), the title 
compound of preparation 8 (215mg, 0.93mmol) and sodium triacetoxyborohydride (207mg, 
0.93mmol) were stirred for 18 hours in dichloromethane:acetic acid (10ml. 10%) at room 
temperature, then washed with saturated aqueous sodium carbonate solution. The organic 
extract was separated, pre-adsorbed on silica gel, concentrated and purified by column 
chromatography on silica gel using ethyl acetate as eluant to afford the title compound as an 
oil, 170mg. 

'H NMR (300 MHz. CDCI3): 6 [ppm] 1.16 (3H, t), 2.18 (19H, m) 3.00 (1H. m), 4.06 
(2H, s). 4.15 (2H. q), 5.10 (1H, m). 7.24 (10H. m) 
LRMS: m/z 531 (MH*) 

EXAMPLE 45 

A/~|f1S)-3-f4-(3-Benzvl-1.2,4-oxadiazol-5-vlM-cvano-1-piperidinvl1-1- 
phenvlpropvDcvclobutanecarboxamide 




Sodium triacetoxyborohydride (294mg. 1.32mmol) was added to a solution of the title 
compound of preparation 107 (236mg, 0.88mmol) and the title compound of preparation 8 
(305mg, 1.32mmol) in dichloromethane:acetic acid (10ml, 10%). The reaction mixture was 
stin-ed for 18 hours at room temperature, then partitioned between dichloromethane and 
saturated aqueous sodium carbonate solution. The organic extract was separated, 
concentrated under reduced pressure and purified by column chromatography on silica gel 
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using dich!oromethane:methanol (95:5) as eluant to afford the title compound as a foam, 
150mg. 

NMR (300 MHz, CDCI3): 5 [ppm] 1.93 (6H, m), 2.30 (9H. m), 2.93 (4H. m), 4.09 
(2H, s). 5.10 (1H, dd), 6.48 (1H, d), 7.26 (10H, m) 
5 LRMS: m/z 484.2 (MH*) 

[a]D -38 (c = 1, methanol) 

EXAMPLE 46 

A/-rf1S)-3-(4-{3-f3-(Aminosuifonvl)benzvl1-1,2.4-oxadiazol-5-vl)-1-piperidinvl)-1- 
10 phenvlpropvl]cvclobutanecarboxamide 

O 




The title compound of preparation 115 (400mg, 1.16mmol), the title compound of 
preparation 65 (320mg, 1.39mmol) and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide 
hydrochloride (267mg, 1.39mmol) were stirred In dioxane (30ml) at room temperature for 1 

15 hour. The reaction was then heated under reflux for 12 hours, cooled and the solvent 
evaporated under reduced pressure. The resulting brown oil was dissolved in ethyl acetate 
(100ml) and washed with water, brine, dried (MgS04), filtered and the solvent evaporated 
under reduced pressure. The resulting brown oil was purified by column chromatography on 
silica gel using dichloromethane:methanol;0.88 ammonia (95:5:0.5) as eluant to afford the title 

20 compound as a foam, 250mg. 

Found C, 61.33; H. 6.56; N. 12.93% 

C23H35N5SO4;0.5H2O requires C, 61.52; H, 6.64; N, 12.81% 

NMR (300 MHz, CDCI3): 5 [ppm] 1.78-2.41 (16H, m), 2.80-3.10 (5H, m), 4.18 (2H, 

s), 4.89 (2H, bs), 5.09 (1H, dd), 7,18-7.40 (5H, m), 7.42 (1H. m), 7.58 (1H. d), 7.81 (1H, d), 

25 7.91 (1H. s) 

LRMS: m/z 538 (MH*) 



30 



EXAMPLE 47 

1-l(3S)-3-f(Cvclobutvlcarbonvl)amino]-3-phenvlpropvlM-r3-(4-fluorobenzvn-1.2.4- 



oxadiazol-5-vn-A/-methvl-4-piperidinecarboxamide 



-151 - 




F 



Sodium triacetoxyborohydride (159mg, 0.71 mmol) was added to a solution of the title 
compound of preparation 109 (153mg. 0.48mmol) and the title compound of preparation 8 
(164mg, 0.71mmol) in d!chloromethane:acetic acid (10ml, 10%). The reaction mixture was 
stirred for 18 hours at room temperature, then partitioned between dichloromethane and 
saturated aqueous sodium carbonate solution. The organic extract was separated, 
concentrated and purified by column chromatography on silica gel using 
dichloromethane:methanoI (95:5) as eluant to afford the title compound as a foam, 60mg. 

NMR (300 MHz. CDCIa): 5 [ppm] 1.41-2.53 (18H. m), 2.6-2.9 (4H, m), 3.02 (1H. q). 
4.04 (2H, s), 5,12 (1H. dd). 5.88 (1H. s). 7.00 (2H. m). 7.26 (7H, m) 

LRMS: m/z 534.5 (MH'') 

[a]o -28 (c = 1, methanol) 

EXAMPLE 48 

A/-f(1S)-3-l4-r3-r4-Fluorobenzvl)-1,2,4-Qxadiazol-5-vlM-piperidinvlM- 
phenvlpropvl)tetrahvdro-2/-/-pvran-4-carboxamide 




The title compound of preparation 92 (150mg, 0.38mmol), the title compound of 
preparation 17 (59mg, 0.45mmGl) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (87mg, 0.45mmol) were stirred together in dichloromethane (10 ml) at room 
temperature for 2 hours. The reaction mixture was then washed with brine (2x), dried 
(MgS04), filtered and concentrated under reduced pressure. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanol (98:2) as eluant to 
afford the title compound as a white solid, 1 13mg. 
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Found C, 67.77; H, 6.99; N, 10.84% 

C29H35N4O3F;0.5H2O requires C, 67.55; H, 7.04; N 10.87% 

NMR (400 MHz, CDCIa): 5 [ppm] 1.80-2.10 (11H, m), 2.20-2.40 (4H. m). 2.90 (2H, 
m), 3.05 (1H, m). 3.40 (2H, t), 3.98 (2H, m), 4.00 (2H. s), 5.10 (1H, m), 7.00 (2H, m), 7.18- 
5 7.30 (7H, m), 7.90 (1H. d) 



The title compound of preparation 92 (15mg, 0.38mnioi), 3,3,3-trifluoropropiGnic acid 
(58nng, 0.45mnnol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (87mg, 
15 0.45mnnol) were stirred together in dichloromethane (10 ml) at room temperature for 2 hours. 
The reaction mixture was then washed with brine (2x), dried (MgS04), filtered and 
concenrraiea unaer reaucea pressure. The residue was punned by column cnromatograpny 
on siiica gel using dichloromethane;methanol (95:5) as eiuant to afford the title compound as 
an oil, 100mg. 

20 NMR (400 MHz, CDCI3): 6 [ppm] 1.80-2.00 (3H, m), 2.00-2.20 (5H. m), 2.28 (1H, 

m), 2.40 (1H, m), 2.82-2.99 (2H. m). 3.00 (3H, m). 4.00 (2H. s). 5.18 (1H. dd), 7.00 (2H, m). 
7.20-7.35 (7H, m), 8.40 (1H, d). 
LRMS: m/z 505 (MH") 



LRMS: m/z 507 (MH*) 
[a]D -30.6 (c = 1.0. MeOH) 



EXAMPLE 49 



10 



3,3,3-Trif1uoro-A/-((1S)-3-{4-f3-(4-fluorobenzvl)-1.2.4-oxadiazol-5-vn-1-piperidinvlV1- 

phenylpropvOpropanamide 




25 



EXAMPLE 50 

A/-((1S)-344-f3-(4-Morpholinvlmethvl)-1,2.4-oxadiazol-5-vn-1-piperidinvl>-1- 



phenylpropvOcyclobutanecarboxamide 
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1-(3-Dimethyiaminopropyl)-3-ethyl-carbodiimide hydrochloride (190mg, 0.91 mmol) 
was added to a solution of triethylamine (0.15ml, 0.93mmol) and the title compound of 
preparation 115 (300mg, 0.91 mmol) in dichioromethane (30ml) and the mixture stirred for 10 
5 minutes. The title compound of preparation 58 (140mg, O.SSmmol) was added and the mixture 
stirred for 2 hours, then concentrated under reduced pressure. The residue was dissolved in 
dioxane (30ml) and heated under reflux for 15 hours. The mixture was concentrated under 
reduced pressure and the residue taken up in saturated aqueous sodium carbonate solution 
and extracted with ethyl acetate (3x). The combined organic layers were washed with brine, 
10 dried (MgS04), filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanot:0.88 ammonia 
(97:3:0.3) as eluant to afford the title compound as a white foam, 40mg. 

Found C. 64.92; H. 8.05; N. 14.68% 

C26H37N5O3;0.75H2O, requires C, 64.91; H, 8.07; N, 14.56% 
15 NMR (400 MHz, CDCI3): 5 [ppm] 1.81-2.42 (16H, m). 2.60 (4H. m), 2.84-3.08 (4H, 

m), 3.67 f2H. s), 3,75 f4H. m), 5.12 f2H. mV 7.20-7 25 (2V\. mV 7,30-7 37 [2H. m^ 
LRMS: m/z469 (MH") 



EXAMPLE 51 

20 A/-((1S)-3-{4-Cvano-4-f3-(4-fluorobenzvl)-1 ,2.4-oxadiazol-5-vn-1-piperidinvl)-1- 

phenvlpropvntetrahvdro-2H-pvran-4-carboxamide 
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To a stirred solution of the title compound of preparation 111 (68mg, 0.16mmoi) in 
dichioromethane (2ml) was added the title compound of preparation 17 (25mg, 0.19mmol) 
and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide (36mg, 0.19mmol). The reaction mixture 
was stirred for 2 hours at room temperature, then partitioned between dichioromethane and 
5 water. The organic extract was separated, concentrated under reduced pressure and the 
residue puhfied by column chromatography on silica gel using dichloromethane:methancl 
(90:10) as eiuant to afford the title compound as a white foam, 31mg. 



NMR (300 MHz, CDCl3 + DMSOd6): 5 [ppm] 0.85 (1H, m), 1.54 (4H. m). 1.74 (2H. 
m), 1.98 (2H, m). 2.33 (6H, m), 2.94 (2H, m), 3.38 (2H, m), 3.97 (2H, m). 4.06 (2H, s), 5.09 
10 (1H, dd). 6.73 (1H, d). 7.03 (2H, m), 7.26 (7H, m) 



To a stirred solution of the title compound of preparation 111 (68mg, 0.16mmol) in 
dichioromethane (2ml) was added cyclopropaneacetic acid (19mg, 0.19mmol) and 1-(3- 
dimethylaminopropyl)-3-ethyl-carbodiimide (36mg, 0.19mmol). The reaction mixture was 

20 stirred for 2 hours at room temperature, then partitioned between dichioromethane and water. 
The organic extract was separated, concentrated under reduced pressure and the residue 
puhfied by column chromatography on silica gel using dichioromethane:methanol (90:10) as 
eiuant to afford the title compound as a white foam, 35mg. 

NMR (300 MHz, CDCI3 + DMSOdB): 5 [ppm] 0.18 (2H, m). 0.59 (2H, m), 0.90 (1H. 

25 m), 2.22 (12H, m). 2.90 (2H. m), 4.04 (2H, s), 5.12 (1H, dd), 6.58 (1H, d), 7.02 (2H. m), 7.26 
(7H, m) 

LRMS: m/z 502.6 (MH*) 



LRMS: m/z 532.6 (MH") 



EXAMPLE 52 



15 



A/-((1S)-3-f4-Cvano^-[3-(4-fiuorobenzvl)-1,2,4-oxadiazol-5-vn-1-pipehdinvlM- 
phenvlprQPvl)-2-cvclopropvlacetamide 




EXAMPLE 53 
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1-Acetvl-A/-((1 S)-3-f4-cvano-4-f3-f4-f[uQrobenzvl)-1 ,2.4-oxadiazol-5-vl1-1-piper^di^vl)- 
1-phenvlpropvl)-3-azetidi^ecarbQxamide 




To a stirred solution of the title compound of preparation 111 (68mg, 0.16mnno!) in 
5 dichloromethane (2ml) was added the title compound of preparation 14 (27mg, 0.19mmol) 
and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide (36mg, 0.19mmol). The reaction mixture 
was stirred for 2 hours at room temperature, then partitioned between dichloromethane and 
water. The organic extract was separated, concentrated under reduced pressure and the 
residue purified by column chromatography on silica gel using dich!oromethane:methanol 
10 (90:10) as eluant to afford the title compound as a white foam, 33mg. 

'H NMR (300 MHz, CDCI3+ DMSOdS): 5 [ppm] 1.23 (2H, m), 1.83 (2H, m), 2.00 (3H, 
s), 2.38 (7H, m). 2.90 (2H, m). 3.08 (1H, m), 4.04 (2H. s), 4.12 (2H, m), 4.38 (1H. m). 5.12 
(1H. dd), 7.02 (2H, m), 7.23 (7H, m) 

LRMS: m/z 545.6 (MH") 

15 

EXAMPLE 54 

/V-((1S)-3-{4-Cvano-4-[3-(4-fluorobenzvl)-1.2.4-oxadiazol-5-vlM-piperidinvlV1- 
phenvlpropvl)-3,3.3-tnfluoroproQanamide 




20 To a stirred solution of the title compound of preparation 111 (68mg, 0.16mmol) in 

dichloromethane (2ml) was added 3,3,3-tnfluoropropionic acid (24mg, O.IQmmol) and 1-(3- 
dimethylaminopropyl)-3-ethyl-carbodiimide (36mg, 0.19mmol). The reaction mixture was 
stirred for 2 hours at room temperature, then partitioned between dichloromethane and water. 
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The organic extract was separated, concentrated under reduced pressure and the residue 
punfied by column chromatography on silica gel using dichloromethane;methanol (90:10) as 
eiuant to afford the title compound as a white foam, 39mg. 

NMR (300 MHz, CDCI3): 5 [ppm] 2.00 (2H, m), 2.38 (8H, m), 2.94 (2H, m), 3.05 
5 (2H, q), 4.06 (2H, s), 5.18 (1H. dd), 7.02 (2H, m), 7.26 (7H, m) 
LRMS: m/z 530.6 (MH*) 

EXAMPLE 55 

r^-f(1S)-3-(4-{3-[4-(Aminosulfonvl)benzvn-1.2.4-oxadiazol-5-viy-1-piperidinvl)-1- 
10 phenyl propyllcyclobutanecarboxamide 




A solution of the title compound of preparation 64 (175mg. 0.77mmol), the title 
compound of preparation 115 (290mg, 0,85mmol) and 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (176mg, 0.92mmol) in dioxane (25ml) was stirred for 72 hours at 
15 room temperature and then heated under reflux for 5 hours. The mixture was cooled and 
evaporated under reduced pressure. The residue was purified by column chromatography on 
silica gel using dichloromethane;methanol:0.88 ammonia (95 5:0.5) as eiuant to afford the title 
compound as a white solid, lOmg. 

Fonnrl C, 61 78; H 6 74; 12 62°^: 

20 C27H35N5SO4;0.1CH2Cl2 requires C, 61.80; H. 6.50; N, 12.82% 

'H NMR (400 MHz, CDCI3): 5 [ppm]: 1.18-1.22 (1H, m), 1.78-1.98 (5H. m), 2.00-2,19 

(7H, m), 2.20-2.40 (4H. m). 2.82-3.09 (4H, m). 3.42-3.51 (1H, m). 4.10 (2H, m), 5.02-5.19 (2H, 

m). 7.18-7.28 (5H. m), 7.46 (2H, d), 7.86 (2H, d) 
LRMS: m/z 538.5 (MH^) 

25 

EXAMPLE 56 

A/-l(1S)-3-f3-Benzyl-1.2.4-oxadiazol-5-vl)-1-azetidinvl1-1-phenvlpropvmetrahvdro-3- 

furancarboxamide 
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The title compound of preparation 93 (150mg, 0.43mmol) was added to a solution of 
tetrahydro-3-furoic acid (50|ii, O.SOmmol) and 1-(3-diniethyiaminopropyl)-3-ethylcarbodiimide 
hydrochloride (lOOmg, 0.52mnnoi) in dichloromethane and stirred for 4 hours. The mixture was 
5 basified by the addition of saturated aqueous sodium carbonate solution and extracted with 
ethyl acetate (3x). The combined organic layers were washed with brine, dried (MgS04), 
filtered and evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound as a white foam, 90mg. 
10 Found C. 68,57; H. 6.86; N. 12.33% 

C26H3oN403;0.5H20 requires C, 68.55; H, 6.86; N 12.30% 

NMR (400 MHz. CDCI3): 5 [ppm] 1.76 (1H. m), 1.84 (1H, m), 2.13 (2H. m). 2.47 
(1H, m), 2.52 (1H. m), 2.95 (1H. m), 3.45 (2H, m), 3.63 (2H, m). 3.82 (2H, m). 3.90 (3H, m). 
4.11 (2H, s). 5.12 (1H, dd), 7.2-7.36 (10H, m), 7.70 (1H, m) 
15 LRMS: m/z447 (MH") 

EXAMPLE 57 

A/4(1S)-3-f4-(3-ff4-Acetvl-1-piperazinvl)methvl1-1.2.4-oxadiazol-5-vlV1-piperidinvl)-1- 
phenvlpropvUcvclobutanecarboxamide 
O 




1-(3-Dimethylaminopropyl)-3-ethy!-carbodiimide hydrochloride (305mg, 1.61 mmol) 
was added to a solution of triethyiamine (0.22ml, 1.63mmol) and the title compound of 
preparation 115 (500mg, 1.45mmol) in dichloromethane (25ml) and stirred for 10 minutes. 
The title compound of preparation 69 (350mg, 1.81 mmol) was added and the mixture stirred 
25 for 2 hours then the mixture was concentrated under reduced pressure. The residue was 
dissolved in dioxane (25ml) and heated under reflux for 15 hours. The mixture was 
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10 



15 



20 



25 



concentrated under reduced pressure and the residue taken up in saturated aqueous sodium 
carbonate solution and extracted with ethyl acetate (3x). The combined organic layers were 
washed with brine, dried (MgS04), filtered and evaporated under reduced pressure. The 
residue was punfied by column chromatography on silica gel using 
dichloromethane:methanol:0.88 ammonia (97:3:0.3) as eluant to afford the title compound as 
a white foam, 45mg. 

Found C, 63.49; H, 8.10; N. 15.90% 

C28H4oN603;1H20 requires C, 63.85; H, 8.04; N 15.96% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.8-2.2 (16H. m), 2.2-2.4 (4H, m), 2.54 (4H, m), 
2.85-3.05 (4H, m). 3.51 (2H, m). 3.59 (2H, m), 3.62 (1H, s), 5.12 (1H, dd). 7.2-7.35 (2H. m), 
7.37 (4H, m) 

LRMS: m/2 510 (MH') 

EXAMPLE 58 

Ay4(1S)-3-r3-Ben2vl-1,2,4-oxadiazol-5-vl)-1-azetidinvn-1-phenvlpropvl)tetrahvdro-3- 

furancarboxamide 



The title compound of preparation 93 (150mg, 0.43mmol) was added to a solution of 
tetrahydro-3-furoic acid (50|il, 0.52mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (1G0mg, 0.52mmol) in dichloromethane and stirred for 4 hours. The mixture was 
basified by the addition of saturated aqueous sodium bicarbonate solution and extracted with 
ethyl acetate (3x). The combined organic layers were washed with brine, dried, (MgSO^). 
filtered and evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as 
eluant to afford the title compound, 90mg. 

Found C, 68.57; H. 6.86; N, 12.33% 

C26H3oN403;0.5H20 requires C. 68.55; H. 6.86; N 12.30% 

NMR (400 MHz, CDCI3): 6 [ppm] 1.76 (1H, m), 1.84 (1H, m), 2.13 (2H. m). 2.47 
(1H, m), 2.52 (1H, m), 2.95 (1H, m), 3.45 (2H, q), 3.63 (2H, q), 3.82 (2H. m). 3.90 (3H, m), 
4.11 (2H. s). 5.12 (1H, q). 7.2-7.36 (10H, m). 7.70 (1H, m) 
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LRMS: m/z 447 (MH*) 



EXAMPLE 59 



5 



/V-(f1S)-3-f4-f3-(4-Fluorobenzvl)-1,2.4-oxadiazol-5-vl1-4-(methoxvmethvl)-1- 
piperidinvl]-1-Dhenvlpropvl)acetamide 



O 




To a stirred solution of the title compound of preparation 151 (88mg, 0.2mmol) was 
added acetyl chloride (16|al, 0.22mnnol) and triethylannine (31)ii, 0.22mmol). The reaction 
mixture was stirred for 2 hours at room temperature, concentrated under reduced pressure 
10 and the residue purified by column chromatography on silica gel using 
dichloromethane:methanol (90:10) as eluant to afford the title compound as a white foam, 
45mg. 



NMR (300 MHz, CDCI3): 6 [ppm] 1.94 (9H, m). 2.31 (4H, m). 2.68 (1H, m). 2.84 
(1H, m), 3.22 (3H, s), 3.52 (2H, s), 4.04 (2H, s), 5.09 (1H. q). 6.99 (2H. t), 7.26 (7H. m), 7.64 



15 (1H, m) 



LRMS: m/z 481.3 (MH") 



EXAMPLE 60 



20 



A/-(3-f4-(3-Methvl-5-phenvl-4/-/-1,2.4-triazol-4-vl)-1-pipendinvn-1- 
phenvlpropvDcvclobutanecarboxamide 



O 




Sodium triacetoxyborohydride (525mg, 2.47mmof) was added to a solution of the title 
compounds of preparation 120 (400mg, 1.65mmol) and preparation 3 (419mg, 1.82mmol) in 
dichloromethane/acetic acid (10ml. 10%solution). The reaction mixture was stirred for 30 
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minutes after which time the solution was basified using saturated aqueous sodium carbonate 

solution and the product extracted using dichloromethane (3x). The combined organic extracts 

were dned (MgS04), filtered and the solvent evaporated under reduced pressure to give a 

brown oil. This was purified by column chromatography on silica gel using 

5 dichloromethane:methanol;0.88 ammonia (98:2:0.3) as eluant to afford the title compound as 

a white foam that was freeze dried from water/acetonitrile to afford a white solid, 130mg. 

Found C. 71.54; H, 7.77; N, 14.88% 

C28H35N5O;0.6H2O requires C, 71.80; H, 7.79; N. 14.95% 

NMR (400 MHz. CDCI3): 6 [ppm] 1.78-2.00 (8H. m). 2.06 (3H, m), 2.18-2.20 (5H. 

10 m). 2,61 (3H, s). 2.98 (3H. m), 4.01 (1H, m), 5.09 (1H, dd), 6.58 (1H. d), 7.18-7.30 (5H, m), 

7.40-7.48 (5H, m) 

LRMS: m/z458 (MH"") 

EXAMPLE 61 

15 A/-((1S)-3-[4-(3-Ben2vl-5-methvl-4H-1,2,4-triazol-4-vn-1-piperidinvlM- 

phenylpropyDcyclobutanecarboxamide 




The title compound of preparation 121 (500mg, 1.95mmol) and the title compound of 
preparation 8 (902mg, 3.91 mmol) were dissolved in dichloromethane (20ml) and stirred for 5 
20 minutes. Sodium triacetoxyborohydhde (620mg, 2.93mmoi) was then added and the mixture 
was stirred for a further 2 hours. The mixture was washed with saturated aqueous sodium 
bicarbonate solution, water and brine, dried (MgS04), filtered and evaporated under reduced 
pressure. The residue was purified by column chromatography on silica gel using 
dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to afford the title compound as 
25 a white foam, 330mg. 

Found C, 71.70; H. 8.11; N, 14.35% 

C29H37N5O;0.8H2O requires C, 71.66; H, 8.00; N, 14.41% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.29-1.42 (2H, m), 1.60-2.09 (9H. m), 2.10-2.18 
(2H, m), 2.20-2.31 (3H, m). 2.53 (3H, s), 2.82-3.01 (3H, m), 3.70-3.82 (1H, m). 4.09 (2H, s). 
30 5.00-5.10 (1H, m), 6.50-6.58 (1H, m), 7.17-7.38 (10H. m) 
LRMS: m/z 473 (MM") 
[a]D -34.3 (c = 2.00, methanol) 
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20 



EXAMPLE 62 

/V-{(1S)-3-r4-(5-Benzvl-4-methvi-4H-1.2.4-triazQl-3-v[)-1-pipendinvn-1- 
phenylpropyllcyclobutanecarboxamide 
O 




Sodium triacetoxyborohydride (318mg, I.SOmmoI) was added to a solution of the title 

compounds of preparation 146 (256mg, I.OOmmol) and preparation 8 (231 mg, I.OOmmol) in 

dichioromethane:acetic acid (10ml, 10% solution). The reaction mixture was stirred for 30 

minutes after which time the solution was basified using saturated aqueous sodium carbonate 

10 solution and the product was extracted using dichloromethane (3x). The combined organic 

extracts were dried (MgS04), filtered and the solvent evaporated under reduced pressure to 

give a brown oil. This was purified by column chromatography on silica gel using 

dichloromethane:methanol:0.88 ammonia (95:5:0.5) as efuant to afford the title compound as 

a white foam, 70mg. 

15 Found C. 71.91; H. 7.78; N, 14.04% 

C29H37N5O;0.8H2O requires C, 71.66; H, 8.00; N, 14.41% 

'H NMR (400 MHz, CDCI3): 6 [ppm] 1.78-2.40 (17H, m), 2.59 (1H, m), 2.89-3.17 (3H, 

m), 3.30 (3H, s). 4.20 (2H. m). 5.18 (1H, dd), 7.16-7.40 (9H, m), 7.63 (1H. d) 

LRMS: m/z 472 (MH"") 



EXAMPLE 63 

A/4f1S)-3-f4-(3-Benzvl-1H-1,2.4-tria2ol-1-vn-1-piperidinvn-1-phenvlpropvl}- 
cyclobutanecarboxamide 
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Sodium triacetoxyborohydride (190mg, 0.92mmol) was added to a solution of the title 
compound of preparation 134 (220mg, 0.61 mmol) and the title compound of preparation 8 
(200mg, 0.82mmol) in dichloromethane:acetic acid (20ml, 10% solution) and stin-ed at room 
temperature for 15 hours. The mixture was basifted by the addition of saturated aqueous 
5 sodium carbonate solution and extracted with dichloromethane (3x). The combined organic 
extracts were washed with brine and dried (MgS04), filtered and solvent evaporated under 
reduced pressure. The residue was punfied by column chromatography on silica gel using 
dichloromethane:methanol:0.88 ammonia (97:3:0.3) as eluant. This gave a brown oil which 
was further purified by column chromatography on silica gel using toIuene;ethyl 
10 acetate:diethylamine (90:10:1) as eluant to afford the title compound as a white solid, 106mg. 
Found C. 72.01; H, 7.81; N. 14.72% 
C28H35N5O;0.5H2O requires C, 72.07; H. 7.78; N 15.01% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.80-2.40 (17H, m). 3.00 (3H, m). 4.05 (2H, s), 
4.10 (1H, m), 5.15 (1H, dd), 7.25-7.35 (10H, m). 8.00 (1H. s) 
15 LRMS: m/z 458 (MH*) 

[B]o -39.6 (c = 0-1, methanol) 

EXAMPLE 64 

A/-{(1S)-3-f4-(5-Benzvi-1-methvl-1H-1,2,4-tnazQl-3-vl)-1-piperidinyl1-1- 
20 phenylpropvllcyclobutanecarboxamide 




Sodium triacetoxyborohydride (290mg, 1.40mmol) was added to a solution of the title 
compound of preparation 8 (310mg, 1.34mmol) and the title compound of preparation 130 
(230mg, 0.93mmol) In dichloromethane:acetic acid (10ml, 10% solution) and stirred at room 
25 temperature for 15 hours. The reaction mixture was basified by the addition of saturated 
aqueous sodium bicarbonate solution and extracted with dichloromethane (3x). The combined 
organic layers were washed with brine, dried (MgS04), filtered and concentrated under 
reduced pressure. The residue was purified by column chromatography on silica gei using 
toluene:ethyl acetate: diethylamine (80:20:1) as eiuantto afford the title compound, 210mg. 
30 Found C. 70.94; H, 8.05; N, 14.28% 

C29H37N50;H20 requires C. 71.13; H. 8.03; N 14.30% 

NMR (400 MHz. CDCI3): 5 [ppm] 1.71-2.42 (16H. m). 2.70 (1H. m). 2.80 (1H, d). 
3.10 (2H, m), 3.61 (3H, s), 4.16 (2H. s), 5.10 (1H. m). 7.15-7.35 (10H, m), 8.05 (1H. bs) 
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LRMS; m/z473 (MH^) 
[ajo -42 (c = 0.1. methanol) 

EXAMPLE 65 

A/-{3-f4-(5-Benzvl-1H-1,2.4-triazol-3-vn-1-pipendinvn-1- 
phenvlpropvDcvclobutanecarboxamide 




Sodium triacetoxyborohydride (490mg, 2.32mmol) was added to a solution of the title 
compound of preparation 129 (1.09g, 1.55mmol) and the title compound of preparation 8 
{717mg, 3.01 mmol) in dichloromethane (20ml) and stirred at room temperature for 15 hours. 
The mixture was basified by the addition of saturated aqueous sodium bicarbonate solution 
and extracted with dichloromethane (3x). The combined organic layers were dried (MgS04). 
filtered and the solvent evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel using dichloromethane:methanol:0.88 ammonia 
(190:10:1) giving impure material which was further purified by preparative HPLC 
(phenomonex magellenCia (2) aqueous TFA 0.1%:acetonitrile 1:19-19:1) and freeze dried 
from acetonitrile:water to afford the title compound as a white foam, 75mg. 

Found: C. 53.65; H, 5.48; N, 9.51% 

C28H35N50;2CF3C02M,i.5H2U requires U, h, b.bb; N 9.83% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.77-2.00 (2H. m). 2.12-2.41 (9H, m). 2.85-2.95 
(2H. m), 3.0-3.2 (4H. m). 3.40 (2H. m). 3.60 (2H, d), 4.20 (2H, m), 5.00 (1H, m), 6.40 (1H. d), 
7.23-7.44 (10H. m) 

LRMS: m/z 459 (MH*) 

EXAMPLE 66 

/V-{(1S)-3-f4-(3-l4-f(methvl sulfonvnamino1benzvll-1H-1.2.4-triazol-1-vn-1-piperidinvl]- 
1-phenvlpropvl)tetrahvdro-2H-pvran-4-carboxamide 
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The title compound of preparation 138 (135nig, 0 24mnnol) was stirred for 1hour at 
37°C in a nnixture of trifluoroacetic acid:dichloromethane (4ml, 10:1). The solvents were 
evaporated under reduced pressure and the residue basified with saturated aqueous sodium 
5 bicarbonate solution and extracted with dichloromethane (6x). The combined organic layers 
were dried (MgS04), filtered and evaporated under reduced pressure. The residue (90mg, 
0.19mmol), the title compound of preparation 17 (25mg, 0.19mmol), l-hydroxybenzotriazole 
hydrate (29mg, 0.21 mmol) and 1-(3-dimethylaminopropyl)-3-ethyi-carbodiimide hydrochloride 
(44mg, 0.23mmol) were stirred together for 3 hours at room temperature in dichloromethane 
10 (5ml). The reaction mixture was diluted with dichloromethane and washed with saturated 
aqueous sodium carbonate solution, then water. The organic layer was dried (MgS04), filtered 
and evaporated under reduced pressure. Trituration with diethyl ether yielded a solid which 
was recrystailized from ethanol/isopropyl alcohol to afford the title compound as a crystalline 
solid, 60mg. 

15 Found C, 61.30; H, 6.89; N, 14.27% 

C3oH4oN604S;0.4H20 requires C, 61.29; H, 6,99; N, 14.29% 

NMR (400 MHz. CD3OD): 6 [ppm] 1.60-1.84 (4H, m). 1.90-2.03 (2H, m). 2.03-2.26 
(6H, m). 2.32-2.44 (2H, m). 2.44-2.55 (1H, m). 2.89 (3H. s), 2.98-3.08 (2H, m), 3.39-3.50 (2H, 
m), 3.90-4.00 (2H, m), 4.08 (2H. s), 4.19-4.29 (1H, m), 4.94-5.00 (1H. m). 7.13-7.18 (2H. d), 
20 7.19-7.26 (3H, d), 7.26-7.35 (4H, m), 8.37 (1H, s) 
LRMS: m/z 581.2 (MH*) 
Melting point [°C]: 210-211 



25 



EXAMPLE 67 

2-Cvclopropvl-A/-{(1SV3-r4-(3-(4-f(methvlsulfonvl)amino]benzviy-1H-1.2,4-triazol-1-vl)- 



1-piperidinvl1-1-phenvlpropvi)acetamide 
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The title compound was prepared using a procedure sinnilar to that described in 
example 66 from the title compound of preparation 138 and 2-cyclopropyiacetlc acid in a 35% 
yield and was recrystallised from isopropyl alcohol/ethyi acetate. 
5 Found C, 62.45; H. 6.95; N, 15.02% 

C29H38N6O3S;0.4 H2O requires C, 62.43; H, 7.0; N, 15.06% 

NMR (400 MHz, CD3OD): 5 [ppm] 0.16-0.20 (2H, m), 0.48-0.52 (2H, m), 1.00-1.08 
(1H. m). 1.94-2.03 (2H. m). 2.03-2.26 (8H, m). 2.32-2.47 (2H. m), 2.90 (3H. s), 3.00-3.08 {2H, 
m). 4.00 (2H, s), 4.18-4.27 (1H, m). 4.94-5.00 (1H. m), 7.13-7.20 (2H. d), 7.20-7.26 (3H. m). 
10 7.26-7.35 (4H, m), 8.35 (1 H. d) 
LRMS: m/2 551. 2 (MH*) 
Melting point [°C]: 185-186 



EXAMPLE 68 

15 3.3.3-Trifluoro-A/-{(1S)-3-r4-(3-|4-r(methv[su[fonvnamino1benzvl)-1H-1.2.4-triazol-1- 

vl)-1-piperidinvn-1-phenvlprQpvi}propanamide 




The title compound was prepared using a procedure similar to that described in 
example 66 from the title compound of preparation 138 and 3,3,3-trifluoropropionic acid in a 
20 35% yield and was recrystallised from ethyl acetate. 
Found C. 55.88; H, 5.95; N. 14.67% 
C27H33F3N6O3S requires C, 56.04; H. 5.75; N. 14.52% 
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NMR (400 MHz. CD3OD): 5 [pp.^i 1.95-2.03 (2H. m), 2.03-2.21 (6H, m), 2.34-2.44 
(3H, m), 2.90 (3H, s), 2.97-3.05 (2H, m), 3.10-3,24 (2H, m), 3.29 (1H, s), 4.00 (2H, s), 4.20- 
4.27 (1H, m), 4.95-5.02 (1H, m), 7.13-7.16 i2H, d), 7.20-7.23 (3H, m), 7.32-7.35 (4H, m), 8.37 
(1H, s) 

5 LRMS: m/z 579.1 (MH") 

Melting point [°C]: 162-163 



EXAMPLE 69 

N'(^ SH3-f4-(3-Benzvl-1 -methvl-1 H-1 .2,4-triazol-5-vn-1 -piperidinvl]-1 - 
1 0 phenylpropvljcyclobutanecarboxamide 




Methyl iodide (0.41ml, 6.42mmol) was added to a suspension of the title compound of 
preparation 127 (1.00g, 2.90mmol) and potassium carbonate (480mg, 3.51mmoi) in 
acetonitrile (20ml) and the mixture stirred at room temperature for 15 hours. The mixture was 

15 concentrated under reduced pressure and the residue taken up in water (100ml) and 
extracted with dichloromethane (x3). The combined organic layers were washed with brine, 
dried (MgS04), filtered and concentrated under reduced pressure. The residue was purified 
by column chromatography on silica gel, using dichloromethane:methanol (98:2) as eluant to 
afford a whits solid. Trifluoroacetic acid (2ml) was added to a solution of the white solid in 

20 dichloromethane (10ml) at O^C and the mixture was allowed to warm to room temperature for 
15 hours. The mixture was evaporated under reduced pressure and the residue taken up in 
saturated aqueous sodium carbonate solution and extracted with dichloromethane (x3). The 
combined organic layers were washed with brine, dried (MgS04), filtered and the filtrate 
evaporated under reduced pressure to afford a pale yellow oil. Sodium triacetoxyborohydhde 

25 (420mg, 2mmol) was added to a solution of piperidine, acetic acid (0.10ml, 5.70mmol) and the 
title compound of preparation 8 (310mg, 1.32mmol) in dichloromethane (15ml) and stirred at 
room temperature for 15 hours. The mixture was treated with 2M hydrochloric acid (1m!). The 
mixture was basified by the addition of saturated aqueous sodium bicarbonate solution and 
extracted with dichloromethane (3x). The combined organic layers were dried (MgS04), 

30 filtered and solvent evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel using dichloromethane; methanol:0.88 ammonia (92:8:1) as 
eluant giving crude material which was further purified by HPCL (phenomonex Lunac Ce and 
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phenomonex Magellen Cia (2) using an eiuant of ammonium acetate solution and acetonitnle) 
and freeze-dried from water/acetonitrile to afford the title compound as a white foam, 40mg. 

Found C. 71.11; H. 7.99; N, 14.18%. 

C29H37N50;1H20 requires C. 71.13; H, 8.03; N 14.30% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.74-1.42 (16H, m), 2.63-2.72 (1H, m), 2.90-2.98 
(1H. m). 3.00-3.16 (2H, m), 3.75 (3H, s), 4.02 (2H, s). 5.12 (1H, m), 7.15-7.37 (10H, m), 7.72 
(1H, d) 

LRMS: m/z473 (MH*) 

EXAMPLE 70 

4-(f1-(14(3S)-3-Phenvl-3-f(3.3,3-trif1uoropropanovl)amino]propvlM-piperidinvl)-1H- 
1 .2,4-triazQl-3-vl]methvl}benzamide 



The title compound of preparation 136 (700mg, 1.35mmol), cyanuric chloride (125mg, 
0.67mmol) and triethylamine (0.23ml, 1.35mmo!) were stirred together at room temperature 
for 1 hour in acetone (30ml). The solvent was evaporated under reduced pressure and the 
residue dissolved in tetrahydrofuran (10ml) and 0.88 ammonia (10ml) added. The solvents 
were evaporated under reduced pressure and the residue purified by column chromatography 
on silica gel using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to afford a 
solid. 280mg. The solid (280mg, 0.54mmol) was stirred for 2 hours at room temperature in a 
10ml mixture of trifluoroacetic acid:dichloromethane (1:1). The solvents were evaporated 
under reduced pressure and the residue basified with saturated aqueous sodium carbonate 
solution and extracted with dichloromethane (x6).The combined organic layers were dried 
(MgS04), filtered and evaporated under reduced pressure. The residue (70mg, 0.17mmol). 
3,3,3-trifluoropropanoic acid (21 mg, 0.17mmol), 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (35mg, O.ISmmol) and triethylamine (28^1, 0.20mmol) were stirred 
together for 16 hours at room temperature in dichloromethane (5ml). The solvent was 
evaporated under reduced pressureand the residue dissolved in ethyl acetate and washed 
with saturated aqueous sodium carbonate solution, then water. The organic layer was dried 
(MgS04), filtered and evaporated under reduced pressure. The residue was recrystallized 
from ethyl acetate/hexane to afford the title compound as a crystalline solid, 21 mg. 

Found C, 60.14; H, 6.07; N, 15.44% 
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C27H2sF3N6O2;0.6H2O requires C, 60.12; H, 6.02; N, 15.58% 

NMR (400 MHz, CDCI3): 5 [ppm] 1,82-1.92 (1H. m), 1.92-2.26 (7H, m), 2.26-2.37 
(1H, m). 2.37-2.47 (1H, m), 2.92-3.01 (1H, m), 3.01-3,16 (3H, m), 4.10 (3H, s), 5.13-5.21 (1H, 
m), 5.40-5.70 (1H, bs), 5.90-6.20 (1H, bs). 7.20-7.29 (3H, m), 7.29-7.37 (2H, m), 7,37-7.45 
5 (2H, d), 7.71-7,79 (2H, d). 7.97 (1H, s), 8.03-8.10 (1H, m) 
LRMS m/z 529.3 (MH") 

EXAMPLE 71 

/V-j(1 S)-3-r4-(3-Benzvl-5-methvl-1 H-1 .2.4-triazol-1 -vD-l -piperidinvl1-1 - 
1 0 phenvlpropvl)tetrahydro-2/-/-pvran-4-carboxamide 

.0. 




1-(3-Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (59mg, 0.31 mmol) was 
added to a stirred solution of the title compound of preparation 17 (40nng, 0.31 mmol) and the 
title compound of preparation 142 (100mg, 0.25mmoi) in dichloromethane (10ml). After 1 hour 
15 the reaction mixture was loaded directly onto a column of silica and eluted with 
dichloromethane:methanol:0.88 ammonia (95:5:0.5) to afford the title compound as a white 



Found C. 69.01; H. 7.63; N. 13.27% 
C3oH39N502;1.1H20 requires C. 69.10; H, 7.96; N, 13.43% 
20 'H NMR (300 MHz, CDCI3): 6 [ppm] 1.76-2.08 (13H. m), 2.10-2.51 (6H. m). 2.99 (1H, 

d). 3.20 (1H, d), 3.49 (2H, m). 3.82-4.17 (5H, m). 5.18 (1H, dd), 7.12-7.36 (9H, m), 8.20 (1H, 

d) 

LRMS. m/z 503 (MH^) 



25 



EXAMPLE 72 

A/-{(1 S)-3-r4-f3-Benzvl-5-methvl-1 H-1 ,2.4-triazol-1 -vO-l -piperidinylM - 



phenvlpropvl}tetrahvdro-3-furancarboxamide 
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N 



N 



r 




1-(3-Dimethy!aminopropyl)-3-ethyi-carbodiimide hydrochloride (59mg. 0.31 mmol) was 
added to a stirred solution of tetrahydro-3-furoic acid (36mg, 0.31 mmol) and the title 
compound of preparation 142 (100mg, 0.25mmol) in dichloromethane (10ml). After 1 hour the 
reaction mixture was loaded directly onto a column of silica and eluted with 
dichloromethane:methanol:0.88 ammonia (95:5:0.5) to afford the title compound as a white 
foam, 107mg. 

Found C, 67.51; H, 7.44; N. 13.40% 

C29H37N5O2;1H2O;0.15CH2Cl2 requires C, 67.54; H, 7.64; N, 13.51% 

'H NMR (300 MHz. CDCI3): 5 [ppm] 1.80-1.99 (3h' m). 2.00-2.41 (14H. m), 3.00 (2H. 

m), 3.18 (1H, m). 3.80 (1H, m). 3.98 (5H. m), 5.17 (1H. m), 7.18-7.35 (9H, m), 8.82 (1H, d) 

LRMS: m/z488 (MH*) 



1-(3-Dimethyiaminopropyl)-3-ethyl-carbodiimide hydrochloride (118mg, 0.62mmol) 
was added to a stirred solution of the title compound of preparation 15 (141 mg, 0.62mmol) 
and the title compound of preparation 142 (200mg, 0.50mmol) in dichloromethane (20ml). 
After 1 hour trifluoroacetlc acid (5ml) was added and the reaction stirred for 12 hours. The 
solvent was evaporated under reduced pressure and the resulting oil was loaded directly onto 
a column of silica and eluted with dlchloromethane:methanol:0.88 ammonia (95:5:0.5) to 
afford the title compound as a white foam, 170mg. 

Found C, 70.24; H. 8.05; N. 16.35% 

C3oH4oN60;0.6H20 requires C. 70.45; H, 8.12; N, 16.43% 

NMR (300 MHz, CDCI3): 6 [ppm] 1.40 (4H. m), 1.62-2.09 (10H, m), 2.15-2.41 (9H, 
m), 2.98 (1H, d), 3.10 (1H. d). 3.98 (3H, m), 5.10 (1H, dd). 7.06-7.38 (10H, m). 8.95 (1H, d) 
LRMS: m/z501 (MH*) 



EXAMPLE 73 

1 -Amino-A/-{f 1 S)-3-r4-(3-benzvl-5-methvl-1 H-1 ■2.4-tnazol-1 -vl)-1 -piperidinvH-l - 
phenylpropvDcvclopentanecarboxamide 
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EXAMPLE 74 

A/-^(1S)-3-r4-(3-Benzvl-1H-1,2.4-tnazo!-1-vn-1-piperidinyl]-1-phenvlpropvl)tetrahvdro-^ 

furancarboxamide 




The title compound of preparation 134 (1.17g, 4.83mmol), the title compound of 
preparation 7 (1.20g, 4.83mmol) and sodium triacetoxyborohydride (1.53g, 7.24mmol) were 
stirred together for 30 minutes at room temperature in dichloromethane:acetic acid (30mi, 
10%). The solvents were evaporated under reduced pressure and the residue basified with 

10 saturated aqueous sodium carbonate solution and extracted with dichloromethane (3x). The 
combined organic layers were dried (MgS04), filtered and evaporated under reduced 
pressure. The residue (2.3g, 4.83mmol) was stirred for 16 hours in a mixture of 
dichloromethane:trifluoroacetic acid (30ml, 5:1). The solvents were evaporated under reduced 
pressure and the residue basified with saturated aqueous sodium carbonate solution solution 

15 and extracted with dichloromethane (3x). The combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. A portion of the residue (200mg, 0.53mmol), 
tetrahydro-3-furancarboxylic acid (65mg, 0.53mmol) and 1-(3-dimethylaminopropyl)-3-ethyl- 
carboditmide hydrochloride (125mg, 0.65mmol) were stirred together for 1 hour at room 
temperature in dichloromethane (5ml). The solvent was evaporated under reduced pressure. 

20 The residue was dissolved in ethyl acetate and washed with saturated aqueous sodium 
carbonate solution, then water. The organic layer was dried (MgS04), filtered and evaporated 
under reduced pressure. The residue was purified by column chromatography on silica gel 
using dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to afford the title 
compound as a gum, 183mg. 

25 Found C, 69.42; H. 7.53; N. 14.46% 

C28H35N5O2;0.6H2O requires C, 69.36; H, 7.55; N. 14.49% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.84-1.94 (1H, m), 2.00-2.23 (9H, m), 2.23-2.32 
(1H, m), 2.32-2.44 (1H, m), 2.89-3.02 (2H, m), 3.02-3.11 (1H, m). 3.74-3.82 (1H, m), 3.90- 
3.97 (3H. m). 4.06 (2H. s), 4.06^.16 (1H, m), 5.08-5.16 (1H, m), 7.16-7.37 (10H, m). 7.37- 

30 7.48 (1H, m). 7.97-8.00 (1H. m) 
LRMS: m/z 475 (MH") 
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EXAMPLE 75 

A/-((1S)-344-(3-Benzvl-1H-1,2.4-triazol-1-vl)-1-piDeridinv[]-1-phenvlpropvl)tet^^ 

2H-pvran-4-carboxannide 



The title compound was obtained using a method similar to that described for 
example 74 from title compounds of preparations 134, 7 and 17 in 67% yield. 

Found C, 69.72; H, 7.67; N, 14.11% 

C29H37N5O2;0.6H2O requires C. 69.88; H, 7.72; N. 14.05% 

NMR (400 MHz. CDCI3): 5 [ppm] 1.78-1.92 (5H, m). 2.00-2.21 (7H, m), 2.24-2.32 
(1H, m), 2.32-2.45 (2H. m), 2.95-3.06 (1H, m), 3.06-3.16 (1H. m). 3.39-3.48 (2H. m). 4.00- 
4.06 (4H, m). 4.06-4.19 (1H. m), 5.10-5.18 (1H, m), 7.16-7.35 (10H, m), 7.55-7.61 (1H, m), 
8.00 (1H, s). 

LRMS: m/z 388.4 (MH"") 



The title compound of preparation 134 (1.1 7g. 4.83mmol), the title compound of 
preparation 7 (1-20g, 4.83mmol) and sodium triacetoxyborohydride (1.53g, 7-24mmol) were 
stirred together for 30 minutes at room temperature in dichloromethane:acetic acid (30ml, 
10%). The solvents were evaporated under reduced pressure and the residue basified with 
saturated aqueous sodium carbonate solution and extracted with dichloromethane (3x). The 
combined organic layers were dried (MgS04), filtered and evaporated under reduced 
pressure. The residue (2.3g, 4.83mmol) was stirred for 16 hours in a mixture of 
dichloromethane:trifluoroacetic acid (30ml, 5:1). The solvents were evaporated under reduced 
pressure and the residue basified with saturated aqueous sodium carbonate solution and 




EXAMPLE 76 



1-Amino-A/-{(1S)-3-r4-(3-benzvl-1/-/-1.2.4-triazol-1-vl)-1-piperidinvl1-1- 
phenvlpropvDcvclopentanecarboxamide 
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extracted with dichloromethane (3x). The combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. A portion of the residue {200mg, 0.53mmol), 
the title compound of preparation 15 (121mg, 0.53mmo!) and 1 -(3-dimethylaminopropyl)-3- 
ethyl-carbodiimide hydrochloride (125mg, 0.65mmol) were stirred together for 1 hour at room 
5 temperature in dichloromethane (5mi) and then trifluoroacetic acid (5ml) was added and the 
reaction stirred for 12 hours. The solvent was evaporated under reduced pressure. The 
residue was dissolved in ethyi acetate and washed with saturated aqueous sodium carbonate 
solution, then water. The organic layer was dried (MgS04), filtered and evaporated under 
reduced pressure. The residue was purified by column chromatography on silica gel using 
10 dichloromethane:methanoi:0.88 ammonia (95:5:0.5) as eluant to afford the title compound as 
a gum, 58mg. 

Found C. 69.89; H, 7.96; N, 16.94% 

C29H38N6O;0.6H2O requires C, 70.02; H, 7.94; N. 16.89% 

NMR (400 MHz, CDCI3): 5 [ppm] 1.27-1.53 (4H, m), 1.68-1.90 (4H. m), 1.90-2.40 
15 (12H, m), 2.94-3.06 (2H. m). 4.03-4.15 (1H, m), 4.05 (2H, s), 5.03-5.11 (1H, m), 7.16-7.35 
(10H, m). 7.97 (1H, s), 8.61-8.69 (1H, m) 
LRMS: m/z 488 (MH^) 

EXAMPLE 77 

20 1-Acetvl-A/-|(1S)-3-f4-(3-benzvMH-1,2,4-triazol-1-vl)-1-piperidinvl1-1-Phenvlpropvl>-3- 



azetidinecarboxamide 




The title compound was obtained using a method similar to that described for 
example 74 from title compounds of preparations 134, 7 and 14 in 48% yield. 
25 Found C. 67.53; H, 7.51; N, 16.66% 

C29H36N6O2:0.7H2O requires C, 67.86; H, 7.34; N. 16.37% 

'H NMR (400 MHz, CDCI3): 5 [ppm] 1.80-2.26 (8H, m). 1.84 (3H, s), 2.26-2.35 (1H, 
m). 2.35-2.45 (1H. m). 2.94-3.11 (2H, m), 3.18-3.29 (IN. m), 4.03-4.26 (4H. m). 4.06 (2H, s), 
4.32-4.44 (1H, m), 5.10-5.27 (1H. m). 7.16-7.35 (10H, m), 7.60-7.65 and 7.77-7.83 (1H. m), 
30 8.00 (1H. s) 

LRMS: m/z 501.6 (MH"") 
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EXAMPLE 78 

/V-((1S)-3-r4-(3-Benzvi-1H-1,2,4-triazol-1-vl)-1-piperidinvl1-1-phenvlpropvl}-1-propionvl- 

3-azetidinecarboxamid8 



The title compound of preparation 134 (1.1 7g, 4.83mmol), the title connpound of 
preparation 7 (1.20g, 4.83mmol) and sodium triacetoxyborohydride (1.53g, 7.24mmol) were 
stirred together for 30 minutes at room temperature in dichioromethane:acetic acid (30m!, 
10%). The solvents were evaporated under reduced pressure and the residue basified with 
saturated aqueous sodium carbonate solution and extracted with dichloromethane (3x). The 
combined organic layers were dried (MgS04), filtered and evaporated under reduced 
pressure. The residue (2.3g, 4.83mmol) was stirred for 16 hours in a mixture of 
dichloromethane:trifluoroacetic acid (30ml, 5:1). The solvents were evaporated under reduced 
pressure and the residue basified with saturated aqueous sodium carbonate solution and 
extracted with dichloromethane (3x). The combined organic layers were dried (MgS04), 
filtered and evaporated under reduced pressure. A portion of the residue (200mg, 0.53mmoi), 
the title compound of preparation 13 (106mg. 0.53mmol) and 1-(3-dimethylaminopropyl)-3- 
ethyl-carbodiimide hydrochloride (125mg, 0.65mmol) were stirred together for 1 hour at room 
temperature in dichloromethane (5ml) and then trifluoroacetic acid (5ml) was added and the 
reaction stirred for 12 hours. The solvent was evaporated under reduced pressure. The 
residue was dissolved in ethyl acetate and washed with saturated aqueous sodium carbonate 
solution, then water. The organic layer was dried (MgS04), filtered and evaporated under 
reduced pressure to fumish an oil. To a solution of this oil (lOOmg, 0.22mmol) and 
triethylamine (36|il, 0,26mmol) was added propionyl chloride (20(il, 0.24mmol) with stirring at 
room temperature. The solvent was evaporated under reduced pressure. The residue was 
dissolved in ethyl acetate and washed with saturated aqueous sodium carbonate solution, 
then water. The organics were dried (MgS04), filtered and evaporated under reduced 
pressure. The residue was purified by column chromatography on silica gel using 
dichloromethane;methanol:0.88 ammonia (98:2:0.25) as eluant to afford the title compound as 
a gum, 41mg. 

Found C. 66.89; H, 7.66; N, 15.75% 

C3oH38N602;1H20;0.06CH2Cl2 requires C, 67.14; H, 7.52; N, 15.63% 
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'H NMR (400 MHz, CDCi3): 5 [ppm] 1,05-1.13 (3H, t), 1.74-2.47 (12H, m), 2,94-3.13 
(2H, m). 3.19-3.32 (1H, m), 4.03-4.26 (4H, m). 4.05 (2H, s), 4.32-4.42 (1H, m), 5.11-5.16 (1H, 
m), 7.18-7.37 (10H, m), 7.55-7.60 and 7.74-7.80 (1H, m), 8.02 (1H, s) 

LRMS: m/z 515.3 (MH") 

5 

EXAMPLE 79 

1-Acetvl-A;-|(1S)-3-f4-(3-benzvi-5-methvl-1H-1.2.4-triazol-1-vl)-1-piperidinvn-1- 
phenvipropvl}-3-azetidinecarboxamide 




10 1-(3-Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (96mg, O.SOmmol) was 

added to a stirred solution acetic acid (28ul, 0.50mmol) and the title compound of preparation 

143 (200mg, 0.42mmol) in dichloronnethane (10ml). After 1 hour the reaction mixture was 

loaded directly onto a column of silica with dichloromethane:methanol:0.88 ammonia 

(95:5:0.5) as eluant to afford the title compound as a white foam, 102mg. 

15 Found C. 67.74; H, 7.44; N, 16.03% 

C3oH3qN502;1H20 requires C. 67.64; H, 7.57; N, 15.78% 

NMR (300 MHz, CDCI3): 6 [ppm] 1.76-2.50 (18H, m), 3.00 (1H, m). 3.18 (1H. dd), 

3.30 (1H, ddd). 3.98 (3H. m), 4.18 (2H, m), 4.38 (1H. m), 5.16 (1H. dd). 7.08-7.40 (9H. m), 

8.26 (0.5H, d), 8.44 (0.5H, dd) 

20 LRMS: m/z 515 (MH") 

The following compounds have been prepared using methods similar to those 
described above: 



25 



A/-{(1S)-3-r4-(3-(4-Fluoroben2v!)-1H-1.2,4-triazol-1-vl)-1-piperidinvn-1-Phenvlpropvl}-1- 



proplonv!-3-azetidinecarboxamide 



- 175 - 




1-AceWI-/V-|(1S)-344-f3-f 4-fluQrobenzvi)-1H-1.2.4-tr[azQi-1-vn-^ 



phenvlpropvl}-3-azetidinecarboxamide 




2-Methoxv-/ V-/(1S)-3-r4-f3-(4-fluorobenzvn-1H-1.2.44riazol-1-vn 
phenvlproDyljacetamide 




3-Methoxv-A/4f1S)-344-(3-(4-f1uorQbenzvl)-1H-1.2.4-triazol-1-vl)-1^ 
phenvlpropyDpropanamide 



P60190 



5 



10 



15 



20 



30 



- 177 - 



CLAIMS 

1. A compound of Formula (I); 

[Region a] - [Region P] " [Region Y] " [Region 6] (I) 

wherein; 



[R«gion ot] is selected from the group consisting of: 

A. Aryl heterocyclyl substituent components comprising: 

-1. hetero-phenylmethylene moieties of partial Formula (1.0.0): 




(1.0.0) to Region P, as hereinafter defined; 

— R^ is a member selected from the group consisting of a direct bond; -0-; -C(=0)-; -NR"^-; 
and -S(=0)p-; where: 

— R"* is hydrogen or (Ci .C2)a!kyl; 

— R® is a member selected from the group consisting of hydrogen; (Ci .C2)alkyl; 
(Ci .C2)alkoxy; -CN; -OH; and -C(=0)NH2; 

— jis an integer selected from 0, 1, and 2; 

m is an integer selected from 0, 1 , and 2; 

R^ and R® are each a member selected from the group consisting of -F; -CI; -CO2R'*; 

-OH; -CN; -CONR^R\; -NR^rV; -NR^C(=0)R^; -NR\C(=0)0RV -NR\S(=0)pR^; 
-S(=0)pNR^R^; (Ci .C4)alkyl, and (Ci .C4)alkoxy wherein said alky! and alkoxy are each 
substituted with 0 to 3 substituents independently selected from F and CI; 
(Ci .C2)alkoxycarbonyl; (Ci .C2)alkylcarbonyl; and (Ci .C2)alkylcarbonyloxy; where: 



— p is an integer selected from 0, 1 , and 2; 



R'^a and R'^b are each independently selected from hydrogen and (Ci -C2)alkyl; 



— the moiety represented by partial Formula (1 .0.1): 



* 



/ 
N 




[N] 




(1.0.1) 



in partial Formula (1.0.0) represents a monocyclic heterocyclic group, or a bicyclic 
benzo-fused ring system containing said heterocyclic group wherein said heterocyclic 
group contains a total of 5- or 6- members of which one or two of said members is 
nitrogen, the presence of the optional second nitrogen atom being represented by: "[N]"; 
wherein said heterocyclic group or ring systemi are selected from the group consisting 
of pyrrolyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; pyrimidinyl; pyridazinyl; plperazinyl; 
indolyt; indazolinyl; benzimidazolyl; quinolinyl; /so-quinolinyl; and quinazolinyi; wherein: 

— R^^a is a member selected from the group consisting of hydrogen; F; CI; -COaR'*; oxo; 
-OH; CN; NH2; NH(Ci -C2)alkyl; N(Ci -C2)2dialkyl; -CF3; (Ci .C4)alkyl; (C2 -COalkenyl; 
(Ci .C4)aIkoxy; (C3 .C7)cycloalkyl; and phenyl; wherein said alkyi, alkenyl, alkoxy, cycloalkyi 
and phenyl are substituted with 0 to 2 substituents R^ where: 

R^ is a member independently selected from the grouo consisting of F; CI; -CO2R'*; -OH; 

cyano; -C0NR^R\; -NR^rV; -NR'aC(-0)R'b; -NR%C(=0)0R\; -NR\S(=0)pR^; 
-S(=0)pNR\R\; (Ci .C4)alkyl including dimethyl, and (Ci ,C4)alkoxy wherein said alkyI 
and alkoxy are each independently substituted with 0 to 3 substituents independently 
selected from F and CI; (Ci ,C2)a[koxycarbonyl; (Ci .C2)alkylcarbonyl; and 
(Ci .C2)aikylcarbonyloxy; and 

— R^^b is absent or is a member selected from the group consisting of hydrogen; 
(Ci .C4)alkyl; (C2 .C4)alkenyl; (Ci .C2)alkoxy; (C3 .C7)cycloalky!; and phenyl; wherein said 
alkyI, alkenyl, alkoxy, cycloalkyi and phenyl are substituted with 0 to 2 substituents R^ 
wherein R^ has the same meaning as above, except that it is selected independently 
selected therefrom; and 

2. hetero-phenylmethylene moieties of partial Formula (1 . 1 .0): 
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(1.1.0) 

—wherein: the symbol " * R^; R^; R^; j and m are as defined further above, except that 
al! of the above-recited substituents are selected independently of their selection above; 

—the moiety represented by partial Formula (1.1.1): 




(1.1.1) 

in partial Formula (1.1.0) represents: 

— a. a monocyclic heterocyclic group containing a total of 5 or 6 members of which one 
said member is nitrogen and Q is selected from O and S where said S may optionally be 
in the sulfonate form, -S(=0)2; wherein said heterocyclic group is selected from the group 
consisting of oxazolyl; oxazolidinyl; /soxazolyl; thiazolyl; thiazolidinyl; /so-thiazolyl; 
morpholinyl; and thiomorpholinyl; or 

— b. a monocyclic heterocyclic group containing a total of 5- or 6- member s of which two 
said members are nitrogen and a third or fourth said member is independently selected 
from N, O, and S where said S may optionally be in the sulfonate form, -S(=0)2; wherein 
said heterocyclic group is selected from the group consisting of triazolyl; triazinyl; 
tetrazolyl; oxadiazolyl; thiadiazolyi; and 

— R^\ is selected from the group consisting of hydrogen; F; CI; -C02R^; oxo; -OH; CN; 
NH2; NH(Ci -C2)alkyl; N(Ci -C2)2dia!kyl: -CF3; (Ci .C4)alkyl; (C2 .C4)alkenyl; (Ci .C2)alkoxy; 
(C3 .C7)cycloalkyl; and phenyl; wherein said alkyi, alkenyl, alkoxy, cycloalkyi and phenyl 
are substituted with 0 to 2 substituents R^^ where: 

R^^ is a member selected from the group consisting of F; CI; -CO2R'*; -OH; -CN; 

-CONR^R\; -NR\R\: -NR\C(=0)R\; -NR^C(=0)0R^; -NR^S(=0)pRV 
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-S(=0)pNR\R'*t; (Ci .C4)alkyl including din-,ethyl, and (C^ .C4)alkoxy wherein said alkyl 
and aikoxy are each independently substituted with 0 to 3 substituents independently 
selected from F and CI; (Ci .C2)aiK0xycarccnyl; (Ci .C2)alkylcarbonyl; and 
(Ci .C2)aIkylcarbonyloxy; and 

5 — R^\ IS a member selected from the group consisting of hydrogen; (Ci .C4)alkyl; 
(C2 .C4)aikenyl; (Ci .C2)alkoxy; (C3 -C7)cycloaikyl; C(=0)(Ci-C4)alky!; S(=0)2(Ci-C4)alkyl; 
and phenyl; wherein said alkyl, alkenyl, aikoxy, cycloalkyi and phenyl are substituted with 0 
to 2 substituents R^^ wherein R^^ has the same meaning as in above, except that it is 
selected independently; 

10 -B. a (substituted)-amido-aryl or -heterocyciyi moiety selected from the group consisting of 
— 1. alkyl-, alkenyl-, and alkynyl-substituted-amido-aryl moie:;es of partial Formula (2.0.0); 



A 




(2.0.0) 

—wherein: the symbol " * "; R"* and R^; are as defined above, except that all of the above- 
1 5 recited substituents are selected independently of their selection above; 

— 1 . the moiety of partial Formula (2.0.3) 




(2.0.3) 

20 wherein: the symbol R^; R® and m are as defined above, except that all of the above- 
recited substituents are selected independently of their selection above; and the symbol: 
" * " indicates the point of attachment of the moiety A to the, remaining portions of partial 
Formula (2.0.0); 

— 2. the moiety of partial Formula (2.0.4) 
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(2.0.4) 

which represents a monocyclic heterocyclic group, selected from the group consisting 
of pyrrolyl; pyrazolyl; imidazolyl; pyridinyl; pyrazinyl; pyrimidinyl; wherein: the symbol R^^a and 
R^^ are as defined above, except that all of the above-recited substituents are selected 
independently of their selection above; and the symbol: " * " indicates the point of attachment 
of the moiety A to the other, remaining portions of partial Formula (2.0.0); 

— 3. the moiety of partial Formula (2.0.5) 




(2.0.5) 

which represents 

a. a monocyclic heteroaromatic group containing a total of 5- members of which one 

said member is nitrogen and Q is selected from O and S where said S may optionally be 
in the sulfonate form, -S(=0)2; selected from the group consisting of oxazolyl; /soxazotyl; 
thiazoly!: and /so-thiazolyl; or 

b. a monocyclic heterocyclic group containing a total of 5- or 6- members of which two 

said members are nitrogen and a third or fourth said member is independently selected 
from N, O, and S where said S may optionally be in the sulfonate form, -S(=0)2; selected 
from the group consisting of triazolyl; triazinyl; tetrazolyl; oxadiazolyl; and thiadiazoiyi; and 
wherein; the R^^a, and j are as defined above, except that all of the above- 
recited substituents are selected independently of their selection above; and the symbol: 
" * " indicates the point of attachment of the moiety A to the other, remaining portions of 
partial Formula (2.0.2); 

— R^a is a member selected from the group consisting of a direct bond; -C(=0)-; and 
-S(-0)2-; 

is (1.) a direct bond; (2.) in the case where R^ is -C(=0)- or -S(=0)2, is a direct bond 
or -(Ci -C3)alkylene- wherein any single carbon atom thereof is substituted by 0 to 2 
substituents R^^ where R^^ is a member selected from the group consisting of -F; -CI; 
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-CO2R'*; -OH; -CN; (Ci -C4)alkoxy; (C3 -C7)cycloalkyl; and phenyl; wherein said alkoxy, 
cycioalkyi, and phenyl are substituted with 0 to 2 substituents R'\ wherein said R^^ is as 
defined above, except that all of the above-recited substituents are selected independently 
of their selection above; or (3.) is a me.nnber independently selected from the group 
consisting of the moieties of partial Formulas (2.0.6) through (2.0.16), inclusive: 



O 



O 



R 



O R 



25 



(2.0.6) 



(2.0.7) 



(2.0.8) 



O 



N 

R^^ 




O 



24 



25 



10 



(0)2 

* 

(2.0.12) 



(2.0.9) 



(2.0.10) 



(2.0.13) 



(9)2 



(2.0 14) 



(2.0.15) 



(2.0.11) 



O 



(2.0.16) 



— wherein; the symbol: indicates the point of attachment of the moiety to the nitrogen 
qtnm in n^rtiql Fnrmiil?^ (? D 0) ?^nri thp c;yrnhnl- " * " Inriirptoc thp point nf ;^t^?^chnnert of 
the moiety to the other, remaining portions of partial Fonmula (2.0.0); and R'* is as 
15 defined further above, but selected on an independent basis; 

R^'* is selected from the group consisting of hydrogen and (Ci-C4)alkyl; and 

— R^^ and R^^ are each selected from the group consisting of -OH; (Ci .C2)alkyl substituted 
by 0 to 3 substituents selected from F; and OH; and (Ci .C2)alkoxy; and 

—R^^ is selected from the group consisting of (Ci .C6)alkyl; (C2 -C6)alkenyl; and 
20 (C2 .C6)alkynyl; wherein said alkyi, alkenyl, and alkynyl groups comprising R^^ are 
substituted with 0 to 3 substituents R^^ where: 

— R^® is selected from the group consisting of phenyl; F or CI; 0x0; hydroxy; (Ci .C2)alkyl; 
(Ci ,C3)a!koxy; -C(=0)0R'^ -C(=0)(Ci-C4)alky!; -S(=0)2(Ci-C4)alkyl; -C(=0)NR^^R^°; 



NR^^R'°; -NR^^C(-0)R''^; -NR^^C(=0)OR'"; -NR''S(=0)pR'''; and -S(=0)2NR'"R'". where 



530. 



3 29^30 
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R^^and R^° are each a member independently selected from the group consisting of 

hydrogen and (Ci .C4)alkyl substituted by 0 to 3 substituents selected from the group 
consisting of F and CI; 

"2. cycloalkyl-substituted-amido-aryl moieties of partial Formula (2. 1.0): 



A 




(2.1.0) 

—wherein: A; W\ the symbol " * R^ r\; and R^ have the same meaning as set out above, 
except that all of the above-recited substituents are selected independently of their 
selection above; and 

—R^^ is a member selected from the group consisting of -(CH2)n-(C3 .C7)cycloa!kyl. where n 
is an integer selected from 0, 1. and 2; in the event n is 0, then the a-carbon atom of said 
(C3 -C7)cycloaIkyl is substituted by 0 or 1 (Ci .C4)alkyl or phenyl, where said alkyi or phenyl 
are substituted by 0. 1 , or 2 of CH3, OCH3. OH or NH2; and in the event that n is 1 or 2. the 
resulting methylene or ethylene is substituted by 0 or 1 of F; NH2; N(CH3)2; OH; OCH3; 
(Ci .C4)alkyl; or phenyl; where said alkyI and phenyl are substituted by 0. 1, or 2 of CH3. 
OCH3, OH, and NH^: and further wherein said fC^ -CylcycioalkyI is substituted by 0 to 3 
substituents R^^ where R^^ is as defined further above, but selected independently 

-3. aryl and heterocyclic-substituted-amido-aryl moieties of partial Formula (2.2.0): 



A 




(2.2.0) 

—wherein: A; the symbol: " * "; R^ R^; and R^ have the same meaning as set out above, 
except that all of the above-recited substituents are selected independently of their 
selection above; and 
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— R^^ is selected from the group consisting of phenyl; furyl; tetrahydrofuranyl; 
tetrahydropyranyi; oxetanyl; thienyl; pyrrolyl; pyrrolidinyl; oxazolyl; isoxazolyl; thiazoiyi; 
isothiazolyl; imidazolyl; pyrazolyi; oxadiazolyl; thiadiazolyl; triazolyl; pyndyl; pyrazinyl; 
pyridazinyl; piperazinyl; pyrimidiny!; pyranyi, azetidinyl; nnorpholinyl; parathiazinyl; indofyl; 
5 indolinyl; benzo[jb]furanyl; 2;3-d!hydrobenzofuranyr, benzothienyl; 1 H-indazoIyl; 
benzimidazolyl; benzoxazolyl; benzisoxazolyl, benzthiazolyl; quinolinyl; isoquinolinyl; 
phthalazinyl; quinazolinyl; and quinoxalinyl; wherein (1.) said group R^ may be substituted 
upon any one or more carbon atoms thereof by 0 to 3 substituents R^^ where R^^ is as 
defined above, except that it is selected independently; (2.) said group R^^ is substituted 
10 with respect to any one or more nitrogen atoms thereof that is not a point of attachment of 
said aryl or heterocyclic moiety, by 0 to 3 substituents R^^^ where R^^b is as defined above, 
except that it is selected independently; and (3.) said group R^^ with respect to any sulfur 
atom thereof that is not a point of attachment of said heterocyclic moiety, is substituted by 
0 or 2 oxygen atoms; 

15 [Region P] is an alkyi bridging element of partial Formula (3.0.0): 

(3,0.0) 

wherein: 

* " is a symbol which represents the point of attachment of the moiety of partial 

20 Formula (3.0.0) to Region oc; 

-"->" is a symbol which represents the point of attachment of the moiety of partial Formula 

(3.0.0) to Region Y; 

-R'*° and R"*^ are both selected from the group consisting of hydrogen; (Ci-C2)alkyl 
including dimethyl; hydroxy; and (C1-C3) alkoxy; 

25 [R«gion y] is an aza-monocyclic moiety of partial Formula (4.0.0): 




(4.0.0) 



-wherein: 
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is a symbol which represents the point of attachment of the moiety of partial Formula 
(4.0.0) to Region P of the compound of Formula (I); 

-"*->*" Is a symbol representing a covalent bond attaching any carbon atom of said aza- 
monocyclic moiety of partial Fonmula (4.0.0) to Region S; 

5 -the moiety of partial Formula (4.0. 1 ): 




(4.0.1) 

in partial Formula (4.0.0) represents a monocyclic heterocyclic group containing a total of 
from 4- to 7-members of which one said member is nitrogen, wherein said heterocyclic 
10 group is a member independently selected from the group consisting essentially of 
azetidinyl; pyrrolidinyl; piperidinyl; and azepinyi; 

-R"^^ is absent or is a member independently selected from the group consisting essentially 
of (Ci .C4)alkyl including dimethyl; (C3 -C6)cycloalkyl; (Ci .C4)alkoxy; (Ci-C2)alkoxy(C1- 
C2)alkyl; CF3; -CO2R'* where R"^ is as defined further above; 0x0; -OH; cyano; 
15 -C(=0)NR^R\; -NR^R^; -NR'aC(=0)R\; -NR'aC(=0)OR\; -NR'aS(=0)pR'b; 
-S(=0)pNR\R^; (Ci .C2)alkoxycarbonyl; (Ci .C2)alky[carbonyl; (Ci .C2)alkylcarbony!oxy; and 
(Ci .C2)alkoxy(Ci .C2)alkyl; It being understood that in the moiety of partial Formula (4.0.0) 
R'^^ is a substituent attached to a single carbon atom thereof; where: 

— R'^a and R\ are each independently selected from hydrogen and (Ci .C2)alkyl; 

20 -R"^ is absent or is a member independently selected from the group consisting essentially 
of hydrogen; and (Ci .C4)alkyl substituted by 0 or 1 substituent independently selected from 
(Ci .C2)a!koxy and -CO2R'* where R"* is as defined further above; and -O; it being 
understood that in the case where substituent R"^^ is chosen to be other than absent, that it 
results in said nitrogen atom and said moiety of partial Formula (4.0.0) being in quaternary 

25 form; 

[Region 5] is a (substituted)-heterocyclyl moiety selected from the group consisting of: 
-1. a heterocyciyi moiety of partial Formula (5.3.0): 




(5.3.0) 
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-wherein: the symbol: " ' " indicates the point of attachment of partial Formula (5.3.0) to 
Region i\ Q is N, O OT S and 

-partial Formula (5.3.0) represents: 

— a. a monocyclic heterocyclic group containing a total of 5- members of which one said 
5 member is nitrogen and a second said member is selected from O and S where said S may 
optionally be in the sulfonate form, wherein said heterocyclic group is selected from the group 
consisting of oxazolyl; /soxazoiyi; thiazolyl; and /so-thiazolyl; or 

— b. a monocyclic heterocyclic group containing a total of 5- members of which two said 
members are nitrogen and a third or fourth said member is independently selected from N, O, 
1 0 and S where said S may optionally be in the sulfonate form,, -S(=0)2i wherein said heterocyclic 
group is independently selected from the group consisting of tnazolyl; tnazinyi; tetrazoiyi; 
oxadiazolyl; and thiadiazolyl; and 

— R^a arid R^q are each a member independently selected from the group consisting of 
hydrogen, -(Ci .C2)alkylcarbonyl; -(Ci .C4)alky!; -(CH2)rv(C3 .C7)cycloalkyl; -(C2 .C3)alkenyl; 
15 -(CH2)n-(phenyl); and -(CH2)rv(HETi), where n is an integer independently selected from 0, 1, 
and 2; wherein said (Ci .C4)alkyl, alkenyi, cycloalkyi, phenyl, and HETi groups are 
independently substituted with 0 to 3 substituents R^\ where: 

— j has the same meaning as set forth above, but is selected on an independent basis 
therefrom; 

20 — HETi is a heterocyclyl group selected from the group consisting of thienyl; oxazolyl; 

iSoAaiiuiy!, Liiid^uiyt, ibull lidzulyi, pyiazuiyi, oxcidiazoiyi, U'.d Jiazoiyi, cnazuiyi, pyndyi, pyraz.riyi, 
pyridazinyl; pyrimidinyl; parathiazinyl; and morpholinyl; where: 

— R^^ is selected from the group consisting of -F; -CI; -C02R^; -0x0; -OH; -CN; 
-CONR^'R^; -NR^'R^; C(=0)(Ci-C4)alkyi; -NR''C(=0)R^i -NR"C(=0)0R^; -NR^S(=0)R^; 
25 -S(=0)NR^^R^; (Ci .C4)alkyl, and (Ci .C4)alkoxy wherein said alkyi and alkoxy are each 
independently substituted with 0 to 3 substituents independently selected from F and CI; 
(Ci .C2)alkoxycarbony!; (Ci .C2)alkylcarbonyl; and (Ci .C2)arKylcarbonyloxy; wherein: 

R^^ and R^ are each a member independently selected from the group consisting of 

hydrogen; and (Ci .C2)alkyl; and 

30 ~2. a heterocyclyl moiety of partial Formula (5.4.0): 
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(5.4.0) 

— wherein: R^a\ R^^bi and j have the same meanings as set out above, but are selected 
independently. 



5 2. A compound which is selected from the group consisting of 
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O 




3. 



A compound which is selected from the group consisting of: 



f 
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A;-{(1S)-3-[4-(3-BenzyM,2,4-oxadiazol-5-yi)-1-piper[diny!]-1- 
phenyipropyl}cyclobutanecarboxamide 

/V-{1-Phenyi-3-[4-(4/-/-1,2,4-triazoU-y!)-1-piperiGinyI]-1- 
pheny!propyl}cyclobutanecarboxamide 
5 A/-{3-[4-(1-Methyl-1H-1,2,4-tria20l-5-yi)-1-piperidinyl]-1- 
phenylpropyl}cycIobutanecarboxamide 

A/-{3-[4-(1-Methyl-1H-1,2.4-triazol-3-yl)-1-piperidinyl]-1- 
phenylpropyljcyclobutanecarboxamide 

A/-{3-[4-{3,5-Dimethyl-4H-1,2,4-triazol-4-yl)-1-piperidinyl]-1- 
1 0 phenylpropyl}cyclobutanecarboxamide 

/V-{1-Phenyi-3-[4-(3-methy!-1,2,4-oxadiazoi-5-yl)-1- 
piperidinyi]propyl}cycIobutanecarboxamide 

A/^1-Phenyl-3-[4-(3-pheny[-1.2,4-oxadiazol-5-yl)-1- 
piperidinyl]propyi}cycIobutanecarboxamide 
15 A/-{3-[4-(3-Benzyl-1,2,4-oxadiazol-5-yl)-1-pipendinyl]-1- 
phenylpropyljcyclobutanecarboxamide 

A/-(3-{4-[3-(4-Methoxyphenyl)-1 ,2,4-oxadiazol-5-yl]-1-pipendinyl}-1- 
phenylpropyl)cyclobutanecarboxamide 

A/-{3-[4-(5-Methyl-1,2,4-oxadiazol-3-yl)-1-pipendinyl]-1- 
20 phenylpropyl}cyclobutanecarboxamide 

A/-{1-Phenyl-3-[4-(5-phenyl-1,2,4-oxadia20l-3-yl)-1- 
piperidinyl]propyl}cyclobutanecarboxamide 



phenylpropyl}cyciobutanecarboxamide 
25 A/-{3-[4-(5-Methyl-1,3.4-oxadiazol-2-yl)-1-piperidinyl]-1- 
phenylpropyl}cyclobutanecarboxamide 

A/-{1-Phenyl-3-[4-(5-phenyl-1,3,4-oxadiazoi-2-yl)-1- 
piperidinyl]propyl}cyclobutanecarboxamide 

A/-{3-[4-(5-Benzyl-1,3,4-oxadiazol-2-yi)-1-piperidiny!]-1- 
30 pheny!propyl}cyclobutanecarboxamide 

A;-[(1S)-3-[4-(3-Benzyl-1,2,4-oxadiazol-5-yi)-1-piperidinyi]-1-(3-fluorophenyl)propyl]-2 
cyclopropylacetamide 

A/-((1 S)-3-{4-[3-(4-Methylbenzy!)-1 ,2,4-oxadiazol-5-yl]-1 -piperidinyl}-1 - 
phenyipropyl)cyclobutanecarboxamide 
35 A/-((1S)-3-{4-[3-{4-ThfluoromethyIbenzyl)-1,2,4-oxadiazol-5-yl]-1-piperidinyi}-1- 
phenylpropyl)cyclobutanecarboxamide 
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/V-((1S)-3-{4-[3-{1,3-Ben2odioxol-5-ylmethyl)-1,2,4-oxadia2ol-5-yl]-1-piperidinyl}-1- 
phenylpropyl)cyclobutanecarboxamide (UK-383290-51 ) 

/V-((1S)-3-{4-[3-(3,5-Difluorobenzyl)-1,2,4-oxadia2ol-5-yl]-1-piperidinyi}-1- 
phenylpropy!)cyclobutanecarboxamide 
5 A/-[(1 S)-3-[4-(3-Benzyl-1 .2,4-oxadiazol-5-yl)-1 -piperidinyl]-1 -(3- 

fluorophenyl)propyl]cyclobutanecarboxamide 

A/-{(1S)-3-[4-(3-{4-[(Methylsulfonyl)amino]benzyl}-1,2.4-oxadia2ol-5-yt)-1-piperidinyl]-1 
phenylpropyl}cyclobutanecarboxamide 

4-{[5-(1-{(3S)-3-[(Cyclobuty!carbony!)annino]-3-phenylpropyl}-4-P'Peridinyl)-1,2,4- 
1 0 oxadiazol-3-yl]methyl}benzamide 

/V-((1S)-3-{4-[3-{2,5-Difluorobenzy!)-1,2,4-oxadiazol-5-yl]-1-piperidinyl}-1- 
phenylpropyl)cyclobutanecarboxamide (UK-384644-51 ) 

A/-((1S)-3-{4-[3-{2,6-Dif]uoroben2yl)-1,2,4-oxadiazol-5-yl]-1-piperidinyl}-1- 
phenylpropyl)cyc!obutanecarboxamide (UK-384647-51 ) 
1 5 A/-((1 S)-1 -Phenyl-3-{4-[3-(3-pyridinylmethyl)-1 ,2,4-oxadiazol-5-yl]-1 - 

piperidinyl}propyl)cyclobutanecarboxamide 

A/-((1S)-1-Phenyl-3-{4-[3-{4-pyridinylmethyl)-1,2.4-oxadiazol-5-yl]-1- 
piperidinyl}propyi)cyclobutanecarboxam!de 

A/-{(1 S)-3-[4-(3-{2-[(Methylsulfonyl)amino]benzyl}-1 ,2,4-oxadiazol-5-yl)-1 -pipendinyi]-1 
20 phenylpropyl}cyclobutanecarboxamide 

/V-((1S)-1-Phenyl-3-{443-(2-pyridinylmethyl)-1,2.4-oxadiazol-5-yl]-1- 
piperidinyl}propyI)cyclobutanecarboxamide 

phenylpropyl}cyc!obutanecarboxamide 
25 /V-((1S)-3-{4-[3-(3-Chlorobenzyl)-1.2,4-oxadiazol-5-yl]-1-piperidinyl}-1- 
phenylpropyl)cyclobutanecarboxamide 

A/-((1S)-3-{4-[3-(1-Ben2ofuran-5-ylmethyl)-1,2,4-oxadiazo!-5-y!]-1-piperidinyl}-1- 

phenylpropyl)cyc!obutanecarboxamide 

/V-[(1S)-1-Phenyl-3-(4-{3-[4-(trifluoromethoxy)benzyi]-1,2.4-oxadia^^^ 
30 piperidinyl)propyl]cyclobutanecarboxamide 

A/-{(1 S)-3-[4-(3-{3-[(Methylsulfonyl)amino]benzyl}-1 .2,4-oxadiazol-5-yl)-1 -piperidinyi]-1 
phenylpropyl}cyclobutanecarboxamide 

3,3,3-Trifluoro-A/4(1S)-3-[4-(3^4-[(methyisulfonyl)amino]benzyl}-1.^ 
1-piperidinyl]-1-phenylpropyl}propanamide 
35 2-Cyclopropyl-A/-{(1S)-3-[4-(3^4-[(methyisulfonyi)amino]ben2yl}-1.2,4-oxad 
1-piperidinyl]-1-phenylpropyl}acetamide 



i 
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A/-{(1 S)-3-[4-(3-{4-[(Methylsulfonyl)aminc]benzyl}-1,2,4-oxadiazoI-5-yl)-1-piperidinyn^ 
phenyipropyi}tetrahydro-2H-pyran-4-carboxamtde 

1-Acetyl-A/-{(1S)-3-[4-(3-{4-[(methylsuifonyi)amino]benzyl}-1 ,2,4-oxadiazol-5-yl)-1- 
pipendinyl]-1-phenylpropyl}-3-azetidinecarboxamide 
5 A;-{(1S)-3-[4-(3-Benzyl-1,2,4-oxadiazo!-5-yi)-1-piperidinyl]-1-phenyipropyi}tetrahydrc- 
2H-pyran-4-carboxamide 

1-Acetyl-A/-{{1S)-3-[4-(3-benzyl-1,2,4-oxadiazol-5-yl)-1-piperidinyl]-1-phenylpropyI)-3- 
azetidinecarboxamide 

1-(Acetylamino)-A/-{(1S)-3-[4-(3-benzyl-1 ,2,4-oxadiazol-5-yl)-1-piperidinyl]-1- 
1 0 pheny!propyl}cyclopentanecarboxamide 

/\/-{(1S)-3-[4-(3-Benzyl-1,2,4-oxadiazol-5-yl)-1-piperidinyl]-1-phenylpropyl}-1- 
methoxycyclobutanecarboxamtde 

3-{[5-(1-{(3S)-3-[(Cyclobutylcarbonyl)amino]-3-phenylpropyl}-4-pipendinyl)-1.2,4- 
oxadiazol-3-yl]methyl}benzamide 
1 5 Ethyl 4-{3-benzyl-1 ,2,4-oxadiazoI-5-yl)-1 -{(3S)-3-[(cyciobutylcarbonyl)amino]-3- 

phenylpropyl}-4-piperidinecarboxyfate 

A/-{(1S)-3-[4-(3-Benzyl-1,2,4-oxadiazol-5-yl)-4-cyano-1-piperidinyl]-1- 
phenylpropyl}cyclobutanecarboxamide 

/\/-[(1S)-3-(4-{3-[3-(Aminosulfonyl)benzyl]-1,2,4-oxadiazol-5-yl}-1-piperidinyi)-1- 
20 phenylpropyl]cyclobutanecarboxamide 

1-{(3S)-3-[(Cyclobutylcarbonyl)amino]-3-pheny[propyl}-4-[3-(4-fIuoroben2yl)-1,2,4- 
oxadiazol-5-yl]-A/-methyl-4-pipendinecarboxamide 

M ((-^ Q\ O n fA CTI. . U -^^-rwl \ A - , ,n ^ _ ^ " ^ ^ ^ ; „ , , n a 

phenylpropyl)tetrahydro-2H-pyran-4-carboxamide 
25 3,3,3-Trifluoro-A/-((1S)-3^4-[3-(4-fluorobenzyl)-1,2,4-oxadia2ol-5-yl]-1-pipend 
phenylpropyl)propanamide 

A/-((1S)-3-{4-[3-(4-Morpholinylmethyi)-1,2,4-oxadiazol-5-yl]-1-piperidiny!}-1- 
phenylpropyl)cyc!obutanecarboxamide 

/\/-((1S)-3-{4-Cyano-4-[3-(4-fluorobenzyi)-1,2,4-oxadiazol-5-yl]-1-piperidiny!]-1- 
30 phenylpropyl)tetrahydro-2/-/-pyran-4-carboxamide 

A/-((1S)-3-{4-Cyano-4-[3-(4-fluorobenzyl)-1,2,4-oxadiazol-5-yl]-1-piperidinyt}-1- 
phenylpropyl)-2-cyciopropylacetamide 

1-Acetyl-/\/-((1S)-3^4-cyano-4-[3-(4-fluorobenzyi)-1,2.4-oxadiazol-5-yl]-1-pipendinyl}- 
1-phenylpropyl)-3-azetidinecarboxamide 
35 S)-3-{4-Cyano-4-[3-(4-fluorobenzyl)-1 ,2,4-oxadiazol-5-yl]-1-piperidiny!}-1- 

phenyipropy!)-3,3,3-trifluoropropanamide 
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/V-[(1 S)-3-(4-{3-[4-(Aminosutfo^yl)be^zyl]-1,2,4-oxadia2ol-5-yl}-1-pipe^idi^ly!)-1- 
phenylp^opyl]cyclobutaneca^boxa^nide 

A/-{(1 S)-3-[3-Benzyi-1,2,4-oxadiazol-5-yl)-1-a2etidinyl]-1-phenylpropyl}tetrahydro-3- 
furancarboxamide 

5 /V4(1S)-3-(443-[(4-Acetyl-1-piperazinyf)methyl]-1,2,4-oxadia2ol-5-yl}-1-piperidinyl)-1- 
phenylpropy!]cyclobutanecarboxamide 

/V-{(1 S)-3-[3-Benzyl-1,2,4-oxadiazol-5-yl)-1-azetidinyl]-1-phenylpropyl}tetrahydro-3- 
furancarboxamide 

/V^(1S)-34443-(4-Fluorobenzyl)-1.2,4-oxadia2ol-5-yl]-4-(methoxymethyi)-1- 
10 piperidinyl]-1-phenylpropyl}acetamide 

/V-{3.[4.(3_Methyl-5-phenyI-4H-1 ,2,4-triazoi-4-yi)-1 -piperidinyl]-1 - 
phenylpropyl}cyciobutanecarboxannide 

/V4(1S)-3-[4-(3-Benzyl-5-methyl-4H-1.2,44riazol-4-yi)-1-piperidinyl]-1- 
phenylpropyl}cyclobutanecarboxamide 
15 A/-{(1 S)-3-[4-(5-Ben2yl-4-methyl-4H-1 ,2,4-triazoI-3-yi)-1 -piperidinyl]-1 - 

phenylpropyl}cyclobutanecarboxannide 

N-{{ 1 S)-3-[4-(3-Benzy!-1 H-1 ,2,4-tnazol-1 -yi)-1 -pipendinyi]-1 -phenyipropyl}- 
cyclobutanecarboxamide 

/V-^(1S)-3-[4-(5-Ben2yl-1-methyl-1H-1,2,4-tna2oI-3-yl)-1-piperid 
20 phenylpropyl}cyclobutanecarboxamide 

A/-^3-[4-(5-Benzyl-1 H-l ,2,4-triazol-3-yl)-1 -piperidinyl]-1 - 
phenylpropyl}cyclobutanecarboxamide 

1-pheny!propyl}tetrahydro-2/-/-pyran-4-carboxamide 
25 2-Cyclopropyi-A/^(1S)-3-[4-(3-{4-[(methyIsulfonyl)amino]benzyl}-1 H-1, 2,44^^ 

1 -piperidinyl]-1 -phenylpropyljacetamide 

3,3,3-Trifluoro-/V-{(1S)-3-[4-(3-{4-[(methylsulfonyl)amino]benzyl}-1H-1.2 
y!)-1 -piperidinyl]-1 -phenyipropyl}propanamide 

/V-(iS)^3-[4-(3-Benzyl-1-methyl-1H-1,2.44riazoi-5-yl)-1-piperidinyl]-1- 
30 phenylpropyI}cyclobutanecarboxamide 

4-([1-(1^(3S)-3-Phenyl-34(3,3.3-trifluoropropanoyl)amino]propyIH-P>per''d'n 
1,2,4-triazol-3-yl]methyt}benzamide 

A/-{(1S)-3-[4-(3-Benzy!-5-methyl-1H-1,2,44riazol-1-yi)-1-pipehdinyl]-1^ 
pheny!propyl}tetrahydro-2/-/-pyran-4-carboxainide 
35 A/-{(1S)-344-(3-Benzy!-5-methy!-1H-1,2.4-tria20l-1-yl)-1-pipendinyl^^ 
phenylpropyl}tetrahydro-3-furancarboxamide 
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1-Amino-/V-{(1S)-3-[4-(3-benzyl-5-methy!-1H-1,2,4-tria2o[-1-yl)-1-piperidinyl]-1- 
phenylpropyl}cyclopentanecarboxamide 

A/-{(1S)-3-[4-(3-Benzyl-1H-1,2,4-tria2cl-1-y;)-1-p[peridinyl]-1-pheny!propyl}tetra 
furancarboxamide 

5 A/-{(1S)-3-[4-(3-Benzyi-1H-1,2,4-triazol-1-yl)-1-piperidinyl]-1-phenylpropyl}t^^ 
2/-/-pyran-4-carboxannide 

1-Amino-Ay-{(1S)-3-[4-(3-benzyl-1H-1,2,4-tnazoi-1-yl)-1-piperidinyl]-1- 
phenylpropyl}cyclopentanecarboxamide 

1 - Acetyl- A/-{(1S)-3-[4-(3-benzyl-1H-1, 2, 4-tnazol-1-yf)-1-piperidinyl]-1-phenyipropy[^^ 
1 0 azetidinecarboxamide 

/V4(1S)-3-[4-(3-Benzyl-1H-1,2,4-triazol-1-yI)-1-piperidinyl]-1-phenylpropyl}-1-propionyl- 
3-azetidinecarboxamide 

1 -Acety!-A/-{(1 S)-3-[4-(3-ben2yl-5-rnethyI-1 H-1 ,2,4-tria2ol-1 -yl)-1 -piperidinyl]-1 - 
phenyipropyl}-3-azetidinecarboxamide 
1 5 A/-{(1 S)-3-[4-(3-(4-Fluoroben2yl)-1 .2.4-tria2oI-1 -yl)-1 -piperidinyi]-1 -pheny!propyl}-1 - 

propionyl-3-a2etidinecarboxamide 

1 -Acety!-;V-{(1 S)-3-[4-(3-(4-fluoroben2yl)-1 H-1 ,2,4-triazol-1 -yl)-1 -piperidinyl]-1 - 
pheny!propyl}-3-azetidinecarboxamide 

2- Methoxy-/V-{(1S)-3-[4-(3-(4-fluorobenzyl)-1H-1.2,4-triazol-1-yl)-1-piperidinyn^ 
20 phenylpropyl}acetamide 

3- Methoxy-A/-{(1S)-344-{3-(4-fluoroben2yl)-1H-1,2,44riazol-1-yi)-1-piperidin^ 
phenylpropyl}propanamide 

4. A method of treating or preventing a disease or condition mediated by or 
25 associated with modulation of CCR5 chemokine receptor activity in a patient which is in need 
of such treatment or is a prospective beneficiary of such prevention, comprising administering 
to said patient an amount of a compound claimed in any preceding claim which is 
therapeutically effective to treat or prevent said disease or condition. 

30 5. A pharmaceutical composition for treating or preventing a disease or condition 

mediated by or associated with modulation of CCR5 chemokine receptor activity comprising 
an amount of a compound claimed in any preceding claim which is therapeutically effective to 
treat or prevent said disease or condition, together with a pharmaceutically acceptable carrier 
therefor 

35 

6. A method of treating or preventing infection by human immunodeficiency virus 
(HIV) in a patient which is in need of such treatment or is a prospective beneficiary of such 
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prevention, including treatment or prevention of acquired immunodeficiency syndrome (AIDS) 
resulting therefrom, comprising administering to said patient an amount of a compound as 
claimed in any preceding claim which is therapeutically effective to treat or prevent said 
infection by HIV, including AIDS. 

7. A method according to claim 5 further including coadministering to said 
patient in combination with a compound as claimed in any of claim 1 to 3, one or more 
additional therapeutic agents for treating or preventing HIV infection comprising one or more 
members selected from the group consisting of (1) inhibitors of HIV protease; and (2) 
inhibitors of HIV reverse transcriptase. 

8. A method according to claim 7 wherein: (1) said inhibitors of HIV protease 
comprise one or more members selected from the group consisting of indinavir, ritonavir, 
saquinavir, nelfinavir. and amprenavir; and (2) said inhibitors of HIV reverse transcriptase 
comprise one or more members selected from the group consisting of (a) non-nucleoside 
reverse transcriSptase inhibitors (NNRTIs) selected from nevirapine. delavirdine, and 
efavirenz; and (b) nucleoside/nucleotide inhibitors (NRTIs) selected from zidovudine, 
didanosine, zaicitabine, stavudine, lamivudine, abacavir, and adefovir dipivoxii. 

9. A method according to claim 7 wherein said inhibitors of HIV protease and 
said Inhibitors of HIV reverse transcriptase comprise one or more members selected from the 
group consisting of indinavir; ritonavir' saquinavir; nelfinavir; amprenavir; nevirapine; 

Rl^virdine; efavirenr; zidovudine; didannc;ine; zglcitabine; StavijHine; IpmivtiHInR- qb?inavir 
adefovir dipivoxii; FTC; PMPA; fozivudine tidoxil; talviraline; S-1153; MKC-442; MSC-204; 
MSH-372; DMP450; PNU-140690; ABT-378; and KNI-764. 

10. A method according to claim 7 wherein said method comprises preventing 
HIV infection and said patient being treated is aviremic and/or asymptomatic and is potentially 
or effectively infected with HIV, comprising administering to said patient a combination of 
therapeutic agents comprising a member selected from the group consisting of: (i) a 
compound as claimed in claim 1; (ii) one non-nucleoside reverse transcriptase inhibitor 
(NNRTI) in addition to a compound of (i); (iii) one nucleoside/nucleotide inhibitor (NRTI) in 
addition to a compound of (I); (iv) one NRTI in addition to the combination of (ii); and (v) a 
compound selected from inhibitors of HIV protease used in place of said NRTI in 
combinations (iii) and (iv). 

11. A method according to claim 7 wherein said method comprises treating HIV 
infection and said patient being treated has detectable viremia or abnormally low CD4 counts. 
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comprising administering to said patient a combination of therapeutic agents comprising (A) a 
member selected from the group consisting of a compound of Formula (I) as defined in claim 
1; and a therapeutic agent comprising one protease inhibitor in combination with two NRTIs: 
or (B) the combination of therapeutic agents recited in (A) where either said protease inhibitor 
5 component, or one or both of said NRTIs is/are replaced by a compound of Formula (I) as 
defined in claim 1. 

12. A method according to claim 7 wherein said method comprises treating HIV- 
infected individuals that have failed antiviral therapy comprising adminstering to said patient a 

10 combination of therapeutic agents comprising (A) a member selected from the group 
consisting of a compound as claimed in claim 1; or (B) a therapeutic agent compnsing one 
protease inhibitor in combination with two NRTIs where either said protease inhibitor 
component, or one or both of said NRTIs is/are replaced by a compound of Formula (I) as 
defined in claim 1. 

15 

13. A method according to claim 8 further comprising coadministering with said 
compound of Formula (1) as defined in claim 1 one or more supplementary therapeutic agents 
which provide auxiliary treatment of diseases or conditions directly resulting from or indirectly 
accompanying infection by HIV, including AIDS resulting therefrom, wherein said 

20 supplementary therapeutic agent is one or more members selected from the group consisting 
of proliferation inhibitors; immunomodulators; interferon or interferon derivatives; fusion 
inhibitors; integrase inhibitors; RnaseH inhibitors; and inhibitors of viral transcription and RNA 

25 14. A method according to claim 13 wherein said proliferation inhibitor is 

hydroxyurea; said immunomodulator is sargramostim; said fusion inhibitor is AMD3100, T-20, 
PRO-542, AD-349, or BB-10010; and said integrase inhibitor is AR177. 

15. A pharmaceutical composition for treating or preventing infection by human 
30 immunodeficiency virus (HIV) in a patient which is in need of such treatment or is a 

prospective beneficiary of such prevention, including treatment or prevention of acquired 
immunodeficiency syndrome (AIDS) resulting therefrom, comprising an amount of a 
compound as claimed in claim 1 which is therapeutically effective to treat or prevent said 
infection by HIV or AIDS resulting therefrom, together with a pharmaceutically acceptable 
35 carrier therefor. 

16. A pharmaceutical composition according to claim 15 further including in 
combination with a compound of Formula (I) as claimed in claim 1, one or more additional 
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therapeutic agents for treating or preventing HIV infection connprising one or nnore mennbers 
independently selected from the group consisting essentially of (1) inhibitors of HIV protease; 
and (2) inhibitors of HIV reverse transcriptase. 

5 17. A pharnnaceutical composition according to claim 16 wherein: (1) said 

inhibitors of HIV protease comprise one or more members independently selected from the 
group consisting of indinavir, ritonavir, saquinavir, nelfinavir, and amprenavir; and (2) said 
inhibitors of HIV reverse transcriptase comprise one or more members selected from the 
group consisting of (a) non-nucleoside reverse transcriptase inhibitors selected from 
10 nevirapine, delavirdine, and efavirenz; and (b) nucleoside/nucleotide inhibitors selected from 
zidovudine, didanosine, zaicitabine, stavudine, iamivudine, abacavir, and adefovir dipivoxil. 

18. A pharmaceutical composition according to claim 16 wherein said inhibitors of 
HIV protease and said inhibitors of HIV reverse transcriptase comprise one or more members 
15 selected from the group consisting of indinavir; ritonavir; saquinavir; nelfinavir; amprenavir; 
nevirapine; delavirdine; efavirenz; zidovudine; didanosine; zaicitabine, stavudine; Iamivudine; 
abacavir; adefovir dipivoxil; FTC; PMPA; fozivudine todoxii; talviraline; S-1153; MKC-442; 
MSC-204; MSH-372; DMP450; PNU-140690; ABT-378; and KNI-764. 

20 19. A pharmaceutical composition according to claim 15 further comprising 

coadministering with said compound of Formula (1) as defined in claim 1 one or more 
supplementary therapeutic agents which provide auxiliary treatment of diseases or conditions 

directtv rpsulttnn from or indirprtlv ?:irrnmnpn\/inn info^-tinn h\/ WIN/ inrfnHinn Ain.9 ff^cijltinn 

J ^ - J a - — - .—J........ ■ J J 

therefrom, wherein said supplementary therapeutic agent is one or more members selected 
25 from the group consisting of proliferation inhibitors; immunomodulators; Interferon or interferon 
derivatives; fusion inhibitors; integrase inhibitors; RNaseH inhibitors; and inhibitors of viral 
transcription and RNA replication. 

20. A pharmaceutical composition according to claim 19 wherein said proliferation 
30 inhibitor is hydroxyurea; said immunomoduiator is sargramostim; said fusion inhibitor is 

AMD3100, T-20, PRO-542, AD-349 or BG-10010; and said integrase inhibitor is AR177. 

21. A method of evaluating a putative HIV retrovirus mutant for resistance to anti- 
HIV therapeutic agents, comprising isolating said putative mutant virus from an in vitro culture 

35 thereof; an in vitro animal infection model thereof; or from patient samples where said patient 
is undergoing optimal or sub-optimal treatment comprising administration of a compound as 
defined in claim 1, alone or together in any combination thereof with one or more therapeutic 
agents for treating or preventing HIV infection. 
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22. A mutant HIV virus or component paa thereof, prepared in accordance with 
the procedures of claim 21 . 

5 23. A mutant HIV virus or component thereof according to claim 21 wherein said 

component is the complete envelope protein thereof, or infections fragment thereof. 

24. A method of discovering the presence of, and/or confirming the activity of a 
chemokine modulator having activity against a mutant HIV virus, comprising using as a probe 

10 for effecting said discovery and/or confirmation a mutant HIV virus or component thereof 
according to claim 21. 

25. A diagnostic agent for use in choosing a therapeutic regimen and/or 
predicting the outcome for a patient being treated for infection by a mutant HIV virus, wherein 

15 said diagnostic agent comprises a mutant HIV virus or component thereof according to claim 
21. 

26. A pharmaceutical composition for treating or preventing a respiratory disease or 
condition comprising an amount of a compound claimed in any of claims 1 to 3 which is 
effective to treat said disease or condition, together with a pharmaceutically effective earner 

20 therefor. 

27. A compound as claimed in claims 1 to 3 in purified form. 

28. A pharmaceutical composition comprising a compound as claimed in claims 1 
25 to 3 and one or more inert excipients. 
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ABSTRACT 



Compounds of Formula 1 



[Region Ct] - [Region P] " [Region Y] " [Region 5] (I) 



which are useful as modulators of chemokine activity. The invention also provides 
pharmaceutical formulations and methods of treatment using these compounds. 
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